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RT. 283 - Equilibres chimiques et électrochimiques en présence d'une phase
3azeuse. 12. Soufre-fer.

par ZHANG Zhongcheng, ZHANG Heming, YANG Xizhen et Marcel POURBAIX

Résumé:

- En se basant sur des données thermodynamiques publiées, on établit des dia-
grammes qui représentent 1'influence de la température et de la pression sur
les conditions d'équilibre de 1'ensemble de 20 réactions auxquelles peuvent
participer les 18 substances suivantes:

- substances solides: Sa, SB, Pea, Pey, PeS, FeSB,y (troilite), FeSiexB
(pyrrhotite hexagonale basse température), PeSt+xy (pyrrhotite hexagonale
haute température), FeSy (pyrite)

- substances liquides: S, Pe, FeS, PeS;,,

- substances gazeuses: (S84}, (Sp), (Feg, (FeS).

On applique ces diagrammes & 1'étude de 1l'influence de la température et de
la pression sur la stabilité de la troilite et de la pyrite et sur la stabi-
lité et la composition de la pyrrhotite hexagonale haute température FeSq.xY.

Il est trés probable que la volatilisation du sulfure ferreux qui se produit
par chauffage résulte, non pas de la formation du sulfure ferreux gazeux
(FeS), mais de sa décomposition avec formation de (Fe), (S3) et (S{) gazeux.
Les données thermodynamiques actuellement admises pour (FeS) gazeux sont donc
probablement inexactes et devraient &tre corrigées.

Mots-clefs:

|

| Equilibres chimiques - équilibres électrochimiques - potentiels d'électrode
l (par rapport 2 une électrode de référence 4 soufre standard Eggg) - soufre -
| : fer - troilite - pyrrhotite - pyrite.

“RT. 283 - Chemical and electrochemical equilibria in the presence of a
gaseous phase. 12. Sulphur - iron

by ZHANG Zhongchen, ZHANG Heming,.;;ic Xizhen and Marcel PQURBAIX.

Summary:

“->0n the basis of publiéhed thermodynamic data, one establishes diagrams repre-
senting the influence of temperature and pressure on the equilibrium condi-
tions of the whole of 20 reactions,where the 18 following substances may take
part:

' - solid substances: a,B88 (sulpbut), a,y,éFe (iron), B8,yPeS (troilite),
8,vFeS,x (pyrrhotite), Fe83 (pyrite),

-~ liquid substances: S,.Pe, FeS, FeSj,x,

- gaseous substances: (S7), (S83), (Fe), (FeS).

C~ These diagrams are applied to the study of the influence of temperature and
pressure oun the stability of troilite PeS and pyrite FeS}, and on the stabi-.
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lity and composition of high temperature hexagonal pyrrhotitéleesI:} and of ;fﬁ
molten ferrous sulphide. e
o
It is most likely that the volatilisation of ferrous sulphide which occurs gEJ
by heating does not result in the formation of gaseous (FeS), but in its de- S
composition with formation of (Fe), (S3) and (S;). '

The thermodynamic data presently admitted for gaseous (FeS) are thus probably s
wrong and should be revised. .

Key-words: Cont'd
-Chemical equilibria ~ eléctrochemicalequiltibria ‘\!ﬁu111br1um dxaﬁrmmyQL

PO T e |
PR

electrode potentials' (versus a standard sulpur reference electrode Egke) O -
sulphur - iron - troilite - pyrrhotite - pyrite":

subsse

RT. 284 - Equilibres chimiques et électrochimiques en présence d'une phase
gazeuse, 13. Oxygéne - soufre - fer.

par YANG Xizhen, ZHANG Heming, ZHANG Zhongcheng et Marcel POURBAIX.

Résumé:
En se basant sur des données thermodynamiques publiées, on établit des dia-
grammes qui représéntent 1l'influence de la température et de la pression sur o

les conditions d'équilibre de l'ensemble de 48 réactions auxquelles peuvent i
participer les 40 substances suivantes: R

- substances solides: 0z, 03, Sa,B, Fea,Y,$, Fey—x0, Fe304, Pe3-y04, Fe203, S
802, SO3, B8,yFeS, FeS{4xB8,Y, FeSy, FeSO,;, Fea(S04)3

- substances liquides: Oz, S, Fe, Fey_x0, Fe3-y404, Fex03, PFeS, PeSj,x

- substances gazeuses: (0q), (02), (03), (S1), (S2), (S¢), (Sg), (Fe), (s20),
(s0), (soz), (so03).

On applxque ces diagrammes A 1'étude de 1'influence de la température et de
la pression sur la stabilité et la décompos1txon de FeSO4 et Pe2(S04)3, sur
1'action catalytique de 1'oxyde ferrique sur 1' oxydation du (S02) en (S03) N
et sur la corrosion 2 haute temp&rature du fer en présence d'atmosphires ﬁ:a
gazeuses contenant des dérivés de 1l'oxygéne et du soufre. .

Mots—clefs:

Equilibres chimiques - équilibres électrochimiques - potentxels d'equxlzbre -
catalyse - sulfate ferreux - sulfate ferrique - corrosion a haute température.

yd TN

(}kt. 284 - Chemical and electrochemical equilibria in the presence of a rff’
gaseous phase. 13. Oxygen - sulphur - 1iromn. S

by YANG Xizhen, ZHANG Heming, ZHANG Zhongcheff and Marcel POURBAIX. ;ﬁ:

Summary: o j;f
e

S»0n the basxs of publxshed thermodynamxc data, one establishes diagrams repre-
senting the influence of temperature and pressure on the equilibrium condi-
tions of the whole of 48 récations,where the &0 followxng substances may_ take
part: e~ - ' Con{~q "\
solid substances: 0,, 93, aS, 838, aPe, yh, 61"0, l"’c O Fe404, Fe3_,04, Feieg.
332, aS03, B,YFeS, B,YFeS{4x» FCSz, Fh504. 02(504 3
liquid substances: 0y, 8, Pe, Fe;.xO, Fe3-4O4, Fe203, FesS, FeS;,
gaseous substances: 101). 02), (03), (81), %Sz). (s¢), (sg), (Fe), (s20),
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These diagrams are applied to the study of the influence of temperature and

pressure on the stability and decomposition of FeS$0) and rez(soz)f,‘, on the

ferric oxide as a catalyst for the oxidation of (S0%) to (S03), and on the

high temperature corrosion of iron in gaseous atmospheres containing oxygen

and sulphur derivates. DT '\ ¢\ Yo ‘ .
Thaivtnror Susdiiied \Q\ww.‘rg\: lude s

Key-words:

<3 Chemical equilibria @ electrochemical equilibria & equilibrium potentials @
catalysis, € ferrous sulphate 4 ferric sulphatejéhigh temperature corros{
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CHEMICAL AND ELECTROCHEMICAL EQUILIBRIA ﬂ}ﬂ:

IN THE PRESENCE OF A GASEOUS PHASE *

S- Fe 12, SULPHUR-TRON

by
ZHANG Zhongcheng**, ZHANG Heming**, YANG Xizhen**
- and Marcel POURBAIX#*#*x*
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RT.283/3
A v
N
e 1. SUBSTANCES CONSIDERED AND NOT CONSIDERED )
N _‘_;_‘:]
Considered Not considered f?%
Solid substances &8(rhombic) :
B8 (monoclinic) T
) «,v,8Fe :i
8,yFeS(troilite) e
u,‘,rFCS“x(pyrrhotite)
: l,l.7F¢S|.14o(or F‘0.877S)
FeS, (pyrite) Fe$S, (marcasite)
Liquid substances &
rFe
) PesS
e res,,
- Gaseous substances (81),(82) (53),(84),(85).
(Fe) (SS)’(S7)’(38)
(FeS)

2. THALPIES OF TRANSFORMATION OF THE
CONSIDERED CONDENSED SUBSTANCES.

Equilibrium Enthalpies of
i temperatures transformation ref.
. T(°K) A H(calories.mle-')
2 as/8s 368.3 95.7 (3),p.930
° 8s/s 388.4 412.8 (3),p.931
& aFe/yFe 1184 215 (3),p.828
YFe/6Fe - 1665 200 (3),p.828
® ire/re 1809 3300 " -3
| F Ore o7,S/1Fe 4008 598 95 (3),p.834 j
or BFeS; 140/7*®Sy 40 v 108 "
L ]
;: Equilibrium Equilibrium electrode ._F
: Triple points temperature ( °K) potentials E“e(mv) -41
- A. Pes,/BRes, . /rFeS,, 598 -310 L
D B. PeS,/s/yFes 10207 +40% )
: =




L e S St e 1 S it A A GuC R den eI S e Jndte S AR BT Hh NI e S e - Tt St i T S -1 G “Re i T "B B~ St SR 3 e =R~ e S A e ~ A e S S S R S S e

RT.283/4

%

c. vl’cs‘ *x/s/m’ x 1210? +100
- %

E. rus' . x/y!c/!'csl > 1261 430
F. vyFeS/aFe/yFe 1184 =450%
G. 0FeS/yFeS/aofe 598 -610%
- %*

H. 7!'0/8!’./"3‘“ 1665 | 410

3. THERMODYNAMIC DATA
3.1. Standard chemical potentials u”(or standard free enthalpies
of formation AG;) (tables I and II)

Table I (page 24 ) gives, for different temperatures from zero
till 6000°K, values of standard chemical potentials admitted for
the substances considered in the present work. All wvalues in table 1
are given by the JANAF tables(ref.(3)). However, as the degree of
sulphidation of iron sulphides increases according to the order PFeS,

Fbo"778 and a.sz, we have changed Feo.‘77$ into Fe$ , SO that

1.140

and PeS,.. The values of ué.s

this order appears as FeS, ’.st.lbo 2

0.877

given by JANAF have thus been changed into corresponding values for

'.s. . 'w.
The values of standard chemical potentials p° given in table I
will be used throughout the present work for the calculation of the

equilibrium diagrams. Some of these values should be considered as

provisional and subject to improvement.

3.2 Reactions and equilibria considered

O e et

o Formulation of the standard free enthalpies of reaction
-
AG_ (table IT)

In the present work, relating to the sulphur-iron system, we
g? intend to establish equilibrium diagrams as a function of the free

enthalpy of reaction per mole of biatomic gaseous sulphur,

RT In Pg » as well as of the electrode potential versus a standard
2

* These values are given by a graphical method according to

figure 11 of present report (see page 45 ).
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sulphur electrode, E (wh1ch would operate reversibly under P = 1 atm),

and the decimal ogarl.t:hms of the partial pressure of gaseous sulphur

(log Pg ). We have thus arbitrarily chosen (S,) as the reference

2
gaseousg species for the sulphur-iron system, and we shall write all
reactions to which sulphur participates, whatever its form, in such a

way that one mole of gaseous (S,) intervenes among the reactants.

Table II (page 25 ) gives a list of 20 reactions and formulae which
will be used for calculating the equilibrium conditions, and which

refer successively to the one component system sulphur (with the mark

<> ), to the one component system iron (with the mark O) and
to the two components system sulphur-iron (with the mark O ).

3.3. Equilibrium conditions of the considered reactions (tables
1I1 and IV)

The equilibrium conditions of all reactions to which gaseous (S,)

participates are calculated by the following formulae:

Act(cal.) = Ivy = RT ln Psz

Esse(w) = AGr/92.242

log psz (atm) =4 G;/4.5756/T

From tables I and II, we have calculated the values ofAG; of the
considered reactions relating to S-Fe system, the values of Esse’
and the corresponding logarithms of the equilibrium partial pressures

of (S,). These values are given in table III (pages 26 to29 ).

According to table III, one obtains table IV (pages 31 to 35 )

which gives approximate formulae for the free enthalpies of reaction

e i)
dot i

Gr (calories per mole (S,)) of the considered reactions, for diffe-

v

] rent temperature-ranges as well as the corresponding formulae for
the values of the electrode potential Esse and of the logarithms of
the partial pressures of (S,).

for instance:

ARl M S N Ay
. o

0. for reaction @ : 2Fe + (5,) = 2 FeS
3 AGr = 2 ipgs ~ 2 pe " H(s,)
i:' RT 1n psz -AGr and Ejge = Gr/92.242

E ‘ log ps2 =) Gr/4.5756/'1‘
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At 500°K and 1000°K, the values of ‘AG; and log pg are:
2

500°K AG; = 2 X(-24498) - 2 X 0 - 11702 = -60698(cal.)

E ~-60698

sse " 97,247 - ~658(mv)

-60698
4,5756 X 500

= ~26,5312 (atm)

log péz

1000°K AG; 2 X(-23362) - 2 X 0 - 0 = -46724(cal)

. o 46724

Egse = ~92.247 = ~506(mv)

log of = k6720
8 P, ™ Z.5756x1000

= ~10.2116(atm)

If AG; is proximately 1linear with T at given temperature range,
one obtains a relationship as follows:
AG_(T,)-4 Gr(T1)

L,-T

L = { e *
AGr(T) (T T1) +4 Gr(T1)

or reaction (:) , from 500° to 1000°K, the approximate formulae are

-46724+60698
1000-500

= ~74672 + 27.948 T

(T-500) - 60698

=74672+429.948 T

-74672 + 27,948 T

%.5756 T = -16319.6/T + 6.108

and log pé =
2

4, EQUILIBRIUM DIAGRAM AND THEIR INTERPRETATION .
4.1, The setting-up of the equilibrium diagrams

4.1.1. Figure 1. Vapor pressure and decomposition pressure of
FeS(troilite)
In figure 1, we have drawm lines which relate to the influence

of temperature on the volatilizatinn of condensed Fe8, and based on thermo-
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dynamical data given in the JANAF tables(3).

These lines relate respectively to the two following reactionms:

line @ Volatilization of FeS with formation of gaseous (FeS) ac-
cording to reaction FeS = (FeS) @

These values of vapor Pres may be represented fairly

well by the following approximate formulae:

1000 - 1463°K log Ppes = =23 471/T + 8.075
1463 - 2000°K =21 041/T + 6.415
2000 - 3500°K =19 972/T + 5.880

(see table IV pagea3 ).

line (1) Decomposition of FeS with formation of gaseous (Fe),(S1)L

—(-SZ) and condensed Fe (solid below 1809°K, 2nd liquid above

1809°K) according to reactions:

2 FeS =2 (Fe) + (S,)
2 FeS=2 Fe + (8,) O)
8,) =2 (5, @

These values of the decomposition pressure P = Ppe *

Pg * Pg (which correspond to the equilibria between
2 1
condensed FeS and condensed Fe) may be represented fairly

well by the following approximate formulae:

1000 - 2000°K log p = -15 390/T + 5.179
2000 - 3500°K = -16 121/T + 5.545

Theses two equilibrium conditions will be discused in section
4.3 of the present report ( pega 14).

From figure 1 one sees that the volatilization of ferrous
sulphide which occurs by heating does not result of
the formation of gaseous (FeS), but its decomposition
with formation of gaseous (Fe), (s,), and (S1).

Gaseous (FeS) does not exist in appreciable amount.

|
P n‘h

N R e N S

BT |
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4.1.2. Figures 2 and 3. Equilibrium diagram lqg_ps =£(1/T)
2

for the system S-Fe with consideration of the pyrrhotite of formula

FeS, 140

Figure 2 shows the equilibrium diagram for system S-Fe drawn by

using the formulae given in table IV (pages 31 to 35 ). Figure 3 is

an enlargement of part of figure 2.

4.1.3. Figures 6 to 7 and 9 to 11. Equilibrium diagram

log psz=f(1/T) and Essez f(T) for the system S~Fe with consideration

of pyrrhotite of different formulae

a) Equilibrium diagram based on the data given in the JANAF

tables

It is likely that any solid substance which has a non stoichiome-
tric chemical formula , such as pyrrhotite rus'..‘o (which is some-
times written FI7S°) is in fact part of a series of solid solutionms,
and that, thus, the solubility conditions should be considered as a
whole. It would be a mistake to consider only equilibria involving one
form of the series (for instance the equilibria Fe§,/Fe§, .., and
ns' . “o/ns, or ns, 140
involving the other forms of the series (for instance !lsalli3|“,with
. ﬂ/t’c) .
As previously show in a study related to system O-~Fe (1.4 pp.7-14)

/¥@ ) without considering the equilibria

different values of the non stoichiometric index 1+X, and Fe$S

o,

it 1is true notably for the wiistite '.0 9‘70. which is in fact part of

- series of non stoichiometric ferrous oxide "I-X , where the index

o 1-X extends from 0.95 to 0.84. This is also true for the non stoichio-
&N metric magnetite where this index extends from 0.750 to 0.726. In the
:‘. diagrams which are prepared in the present work, the stability condi-
[it tions of such non stoichiometric substance do not appear as a single
- line ( relating to an univariant equilibrium ), but as a surface (

tif relating to a divariant equilibrium ) which includes several lines

:: corresponding to different stoichoimetries. Examples of this have

1

been given in reference (1.4) ( figures 14 and 15, page 17C ).

.
L
r‘
-,
»
%
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b). Equilibrium diagram taking;into account the work of 24

T.ROSENQVIST (5)

(figures 4 to 7)

. - . G
14X (which is called in German

"Magnetkies") is in fact a solid solution of sulphur in ferrous

It is well known that pyrrhotite Pe@$

sulphide FeS (4, p.345) with different stoichiometries. An outstand-
ing experimental work on the thermodynamic behavior of iron sulphides
has been published in 1954 by T.ROSENQVIST (5), this work has led to
figure 4a which relates to the behavior of iron and iron sulphides

in the presence of (H,S)/(H,) mixtures, in the temperature range
from about 500 to 1500°C. In this figure 4a the indexes 42,39,ccsc..
till 0.01,0.005, indicate the coucentrations in sulphur, in weight 7.

Figure 4b shows the same diagram as figure 4a with a reverse

scale for the abscissa ( high temperature to the right), as is used
for the diagrams drawn in our Atlases. In this figure 4b, we have ,
converted the concentrations in sulphur (weight Z) into the corres- ;{
ponding values of the stoichiometric index 1+X ( relating to the fij
formula P¢81+X). This correspondance is given in the following table tﬁjg
S weight % 42 | 39 [ 38 [ 37 | 34 32 30 | 20 o
S mole per loop |1.313}1.219{1.188]1.156] 1.062} 1.000] 0.938] 0.625 Sij
Fe mole per loop|1.038|1.092(1.11011.128] 1.182]| 1.218] 1.253| 1.432 :}!
14X 1.264|1.116]1.070|1.025{ 0.898| 0.821] 0.748| 0.436 1i?
log(X 10°) 2.42 {2.06 {1.84 [1.40]| - - - -
log(1+X) 0.101|0.048[0.029{0.011|{~0.047{-0.086]-0.126|-0.316 ﬁ:l
; 4 2 1 0.1 | 0.05 | 0.03 | 0.0t | 0.005
0.125 | ©.063| 0.031| 0.0030| 0.0015 0.0009| 0.0003| ¢.00C16
! 1.719 | 1.755§ 1.773] 1.7887{ 1.7896] 1.7900{ 1.7903] 1.7904 ;}
& 0.073 | 0.036| 0.017{ 0.0016j 0.0008] 0.0005] 0.0002| 0.0001
g -1.137 | -1.444 | -1,770| -2.796 | -3.097 | -3.301 }-3.699 |-4.000

T

T 7 y

In this figure 4b, where we have added the isobar lines for log Pg
2

and where the two parts of figure 4a have been drawn with a single

ordinate scale (without interruption between 10

0

and 10-1 ), we have
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also indicated with thicker lettering the areas of stability of the
condensed substances FeS§,, F“l#!’ «,8,8Fe. It may be seen that
there is no area of stability for solid FeS (troilite). FeS is stable
only along a given line. This means that any increase of the sulphur
( or H,S) content of the gaseous atmosphere leads to a suiphidation
of troilite with formation of pyrrhotite, and that any decrease of
this sulphur ( or H,S) content leads to a desulphidation of troilite
with formation of iron ( containing a slight amount of dissolved
sulphur ).

Figure 5 shows a still unpubliiggd equilibrium diagram for the

system S-H, which was drawn in 1940 . In this diagram, which is
drawn as a function of log ps2 and 1/T, the family of lines a repre-
sents the equilibrium conditions of reaction 2(H,) + (S,) = 2(H,S)
according to the following formulae,valid for the temperature ranges
of 500 to 1000°K and 1000 to 2000°K,

H,)
1000 - 2000°K = =9440.7/T + 5.1482 + 21°g(pH,S/pH,)

500 - 1000°K log pg = -9250.4/T + 4.9489 + 210g(py /P
2 2

These formulae allow to draw in figure 4b isobar lines for

log psz; they also allow to convert the values of 108(pH,S/pH2) given

in chis figure 4b into log ps » and thus to draw figures 6 and 7
which represent, as a functxon of log ps and 1/T, the equilibrium
diagram shown on figure 4b as a functxon of log (ou S/pH,) and 1/T.
It is likely that, due to some imperfections telatxng to the stabili-
ty of pyrrhotite !hs"x ( for which the lines relating to given
values of (1+X) are somewhat abnormal), notably below its transforma-
tion temperature (598°K),figures 6 and 7 are not fully reliable and

should be considered as provisional and subject to amendments.

c). Equilibrium diagram taking into account the work of
P.TOULMIN and P.B.Jr,BARTON (7)

In 1964 using the electrum tarnish method which was developed by
themselves,P,TOULMIN and P.B.Jr.BARTON determined the variation in
the composition of hexagonal pyrrhotite in the condensed system as a
function of sulphur fugacity and temperature. They also, according

1

K
.

T,

. . ot
I «

anal o ._‘ . Sl

Eﬁzﬁlﬁ
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to their experimental results, derived the following formula for £;ﬁ
the calculation of log fsz under given temperatures and mol "‘!
> fractions of Fe$ in pyrrhotite ( in the system FeS-§S, ) S
Ei log fS,‘ (70.03 - 85.83N) (1000/T - 1) + 39.03/1-0.9981N :ﬁ:
_ - 11,91 cecens (A) _—;_d
= )
E. where fs2 is the fugacity of sulphur velative to the ideal i?j
diatomic gas at 1 atm. Their results are shown in figure 8. Y
'I - Figures 9 and 10 are two revised diagrams which were drawn -
» by making use of the work of TOULMIN and BARTON. The mol ff5~
: fraction of Fe§, NFCS’ has been converted into the correspond- EQ;
= ing non stoichiometric index (1+X) according to following \j;
fi formula: .
. 2
2 Npes ~ T+ (T + %)

If the pressure is not very high, Pg  may be considered to be
2
equal to the fugacity fs . Thus, the following proximate

2
formula was obtained by virtue of equation (A):

log Psz- (70,03~ T:RTIET—)(1000/T-1)+39'30/1' T:?TTET - 11.91

cevecsees(B)

Then, the formula for Esse was obtained:

8.515 / 1.9962
Esse(mv) (3.476 m}(1000-l‘)+1.949 1 W'T-O.SN)ST
oc..oo-.o(c)

-
'«

.‘o '4' 'n ’.' ."

By means of this formula (C) and of the formula in table IV,

——— T v
0 O

an equilibrium diagram Esseq £(T) was drawn in figure 11.

4

In figures 9, 10 and 11, above about 1000°K, the curves

relating to non stoichiometric pyrrhotite with different indexes

(1+4X) were estimated according the phase diagram given in figure

12, from which one can determine the indexes 1+X corresponding to
different temperatures. The dotted lines drawn in the area of

stability of solid pyrrhotite have been drawn by extrapolation so

R T R il s SR aah
AR o héh

wo% e
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that they cross the melting curve CDE at the temperature given in
the phase diagram published by J.CHIPMAN (fig.12 ). The isostoichio-
metric-lines given in figures 9, 10 and 1{ in the area of stability
of liquid ferrous sulphide have also been drawn according to figure
12.

In figure 10, the isobar lines for total pressure of (pFe +

Pg + Pg ) were calculated with computer, the values are listed as
1 2

follows.
log(pFe+psi+psz) log Ps, T°K 1000/T
-7 1596 0.6265
-6 -6.3010 1561 0.6401
-6.0458 1474 0.6786 =
-6 1729 0.5785 ’ii
-5 -5.301 1687 0.5926 s
-5.0458 1584 0.6312 T
-5 1886 0.5301 L
-4 ~4.3010 1834 0.5452 2 d
-4.0458 1713 0.5839 ’
-4 2086 0.4794 o
-3 -3.3010 2020 0.4949
-3.0458 1864 0.5366 iii
-3 2332 0.4288 1
-2 ~2.3010 2248 0.4448 ]
-2,0458 2051 0.4876 S
-2 2644 0.3783 :gi
-1 -1.3010 2532 0.3949 ‘
-1.0458 2278 0.4390
-1 3051 0.3278 -
0 -0.3010 2897 0.3451 o
-0.0458 2559 0.3908 =
0 3605 0.2774 R
, +1 0.6990 3383 0.2956 ';
[ 0.9542 2915 0.3430 .
1 4404 0.2271 -
. +2 1.6990 4060 0.2463
. 1.9542 3382 0.2956
®
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These isobar lines take on a curve, after being identical with line

@ as long as (S,) predominates, they follow the lines for irom
when (Fe) become largely predominent, Along any isobar curve, the

total pressure of (pFe+ Pg + Pg ) is always a constant. ;_'.Tf'--'
1 2 .

4,2, Metallic irom

As shown notably by figures 6,7 and 9 to 11, solid metallic _j
iron, which is stable bellow line @ , changes from the a to the ?
y form at 1184°K, to the & form at 1665°K, and becomes liquid at o

1809°K. The vapor pressure of metallic iron at different temperature
are listed as follows.*

log Ppe -6 -5 -4 -3 -2 -1 0 +1 +2
T°K 1604| 1738| 1897| 2102} 2354| 2674| 3136| 3674| 4518
1000/T | .6234|.5753].5272}.4757|.4248|.3739].3189].2722].2213

Above line (1) , solid @ and y F@ may be, up to about 1261°K
o

+x° Above 1261°K, the

sulphidation of & or & P@ leads to the formation of a liquid melt

which contains less sulphur than the pyrrhotite(which has always

more than 36.47 S). The formula of this melt is about pMes

(988°C), sulphidized into pyrrhotite PFe$

0.8
(307 S) at 1261°K (988°C) and mo,“ (20%s) at 1573°K(1300°C).

Above about 1300°K, the sulphur content of the melt becomes much

smaller, nso.” (4% S) at 1670°K and "30.04 (27 s) at 1740°K.

Above 1740°K(1467°C), the melt is essentially liquid iron contain-
ing some sulphur in an amount which depends on the partial

sulphur pressure of the gaseous atmosphere, FOS (2% s) for

o."

log psz- -5.0 (atm), and res, .. (12 8) for log psz- -5.5(atm) . :::-,‘:
- ~-.!

* These values are slightly different from the values given in a T
previous report (1.3,p.3), because the newer u". and ".(Fe) were .Tj'-i".j
uged at present work.
q
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Solid iron may dissove much less sulphur than the liquid melt, its

bigher sulphur content corresponds to suso oooz(0.01Z S) at 1261°K

(at log pg = ~7.0 ) and to PFeS s (0.03% S) at 1400°K (at log
2

0.000

p32= =5.5 ).

4,3. The stoichiometric ferrous oxide Fe$ (troilite)

It appears from figures 6 and 9 that troilite is stable only
along line @ (up to 1261°K), and does not have any area of
thermodynamic stability. Above line (:) , troilite is sulphurized

with formation of non stoichoimetric pyrrhotite FeS,,., the sulphur

1+X

content of which increases with the sulphur pressure of gaseous

atmosphere, at 1261°K(988°C) from slightly more than Fe$(36,57 S),

at log Pg = -7.0(atm), up to slightly more than IOS' 27 (42.1% S)
z L]

at log Pg = +1.8(atm). Below line (:) » troilite is desulphurized
2

with formation of metallic iron Pe containing a slight amount of

(-] - -
sulphur, at 1261°K, '.80.0003 (0.01% 8), at log ps2 7.0(atm).

According to figures 6 and 9, stoichiometric PeS might be

formed by cooling molten ferrous sulphide rus',x below 1261°K

under a very low sulphur pressure (10-7 atm), or by desulphuriza-

tion of pyrrhotite Fe$ under similar conditions. And this

might explain the well‘zﬁown fact, which we have leared from Ivan
de MAGNéE(s), that troilite, which does not form 1lonely on the
earth as a distinct mineral, is common in meteorites and lunar
(9’10)*. When coming in presence of the cold interstellar
vacuum, molten iron sulphides may be altogether desulphurized and
quenched with formation of stoichiometric FaS.

Furthermore, figures 7 and 10 show that, when heated at

different temperatures, molten ferrous sulphide !US} will decom-

&
pose till the system reaches about line (:Y ,2which relates to its
decomposition with formation of metallic iron and gaseous (SZ)’

(51) and (Fe), accordiag to the following reactions (which relate

* troilite is always associated with pyrrhotite
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to the decomposition of stoichiometric F@S):

2res = 2ra + (S,)
2reS = 2(Fe) + (S,)
and (s,)= 2(81)

00

As show at page 7 and in figure 1, the equilibrium conditions
of this high temperature decomposition of molten ferrous sulphide
may be expressed approximately by the following relations where

P =pg * Pg * Ppe

2 1
1000 - 2000°K log P = -15 390/T + 5.179
2000 - 3500°K = -16 121/T + 5.545

These formulae lead to the following approximate values for the
influence of temperature on the decomposition pressure of molten

ferrous sulphide

log P(atm)| -6 -5 -4 -3 -2 -1 0 +1 +2
T°K 13771 1512) 1677] 1882 2137| 2463] 2907 3547] 4548
1000/T .7264|.6614|.5964].5315{.4680}.4060].3439{.2819{.2199

4.4, The non stoichiometric ferrous oxide Fls"xgpyrrhotite)

The mineral pyrrhotite is often condidered as Fc,S‘ (or Fho.‘77$
(5)

or Pbs' 140)’ but may, as show by T.ROSENQVIST ~°, have different
compositions ranging from less than 37% S till more than 42% S. This
corresponds, as shown by figures 6,7 and 9 to 11 of the present

paper, to a series of solid solutions ranging from less than eusl 025

to more than Fe . In fact, pyrrhotite is , as said in page g
han F 8' 264 In £ hotite i id i
a solid solution of sulphur in FeS$.

According to figures 6,7,9 to 11, any decrease of the sulphur

pressure below line @ (vhich corresponds to the equilibrium between
stoichiometric P88 (troilite) and metallic iron) will lead to a

desulphurizations of pyrrhotite with formation of iron. On the right
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side of 1line CDE (i.e. when heated above about 1210

to 1463°K depending on the sulphur pressure ) , pyrrho- fffﬁ

tite will melt with formation of 1liquid "sz+x whose

!
N

N Ce " . .
e et
§Y SR

AR

stoichiometry will depends on this suiphur pressure . For
example (see figure 10, page 42), at about 1450°K the subs-
tances which avre in equilibrium with each other are solid
Fesl.o6 and liquid FeS, oo -
compositions will be different. At about 1463°K (point D)
both 1liquid and solid have the same composition F‘sl.07'
Above point D the index values for the liquid are higher
than for the solid., On the contrary , below point D,
the [+X values for the 1liquid are smaller than for the

LI
M
.

At other temperatures , the

solid. At higher temperatures , the equilibrium pressures of
(8) , (s “and (Fe) of 1ilquid pyrrhotite increase,

and pyrrhotite may thus decompose with formation of these
three gases . The exact values of log Pg
are given by the isobars @ and @ Btzxt the exact
isobars for log Pre have not been drawn , due to the
lack of reliable information relating to the composition
of liquid Pes

and log P,
1

2
{

[ 1ex° Tentatively , we have drawm on figure 10,
; the family of straight ©plain 1lines G@ which would

Ly correspond to given equilibrium values of log Ppe in the hypo- £
thetical presence of stoichiometric PeS; we bhave also drawn a ‘
o family of slightly in curved dotted lines which would T

- ' probably correspond better to the equilibrium values of

[ ¢ log Pre in the real presence of non-stoichiometric ’bst+x ’

- such provisional isobar lines might perhaps be improved

in the future.

Y
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It seems that the chemical behavior of pyrrhotite
is very complicate and still largerly unknown ; we shall
content ourselves to mention that , as shown by figures

2,6 and 9 to 11, there are two forms of hexagonal pyrr-

hotite (low temperature B and high temperature Y ) whose
& equilibrium temperature is 598°K (325°C). Above line(:>,
h pyrrhotite may be transformed into pyrite FeSL

al

4.5. Ferric sulphide FeS, (pyrite)

-

;ﬁ
-
S
-
L -
h >
k-

Two polymorphs of Fe§, are known; pyrite and marcasite. The
latter is known to be metastable with respect to the pyrite at
all temperatures. For this reason we did not consider marcasite
in the present work.

Figure 9 shows that Fe$, is stable above line C). Line <>
,which shows the conditions of the stability of condensed sulphur,

is a limitation for the equilibrium diagrams of all sulphur

3 containing systems. Beyond line Qb » all the sulphur existing in

f; the gas phase may be converted into solid or liquid elementary

- sulphur. No stable equilibrium can be located at any point which

-

g is above line Q.

- If heated at different sulphur pressures, pyrite Fe$, will

;‘ decompose into solid or liquid pyrrhotite !¢S|’x. The decomposition

‘ temperatures at several given sulphﬁr pressures are listed in

E table V. ]
t .
" s :
- T
;: o
r’ ;73
0 N,
5"_; :::'_.-.
- N
k. o

q -
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<
tam s
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i
B
o
- formation of formation of
solid chu_x liquid tcs"x
log Pg T°K T°C T°K T°C
2
-6 730 457 1315 1042
-5 760 487 1360 1087
-4 790 517 1400 1127
-3 830 557 1430 1157
-2 875 602 1449 1176
-1 925 652 1464 1191
0 975 702 1460 1187
+1 1410 1137
Table V. Temperatures of dissociation of pyrite Fe§, with
formation of different iron sulphides, under
different pressures in gaseous sulphur.

4.6. Equilibrium diagram for the S-Fe system of the SZ = £(T) fﬁ
type =]
Figures 12a and 12b give, for memory, the very well known 1ﬂ
sulphur~iron diagrams drawn after John CHIPMAN(‘1) and L.A.TAYLOR
(12)

Figure 13 is a modified presentation of figure 12a. Isobar
lines were added. Also included in this diagram are all the triple
points (A to C and E to H) and the maximum melting temperature
3 14X ) (point D). All
o these points were already plotted in the equilibrium diagrams given

of high temperature hexagonal pyrrhotite (y FeS

at figures 6,7 and 9 to 11. At the top of figure 13, a non-linear
scale of the values of 14X is given.

Comparing figure 13 with figures 6,7 and 9 to 11, it is
Ll noticed that the "empty spaces" existing at figure 13 between the

lines, do not exist in figures 6,7 and 9 to 11.These "empty spaces"
do not correspond to any '"real" state., In figure 13, only pyrrhotite

{,5 solidus and the liquidus lines, or between the different solidus
t

('b‘IOK) has an area of stability which has been shown by the shaded
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area. In this figure 13, the points B_,B, and B, correspond in fact

1272 3
to one and the same equilibrium solid Pbsz/liquid 8/solid y 9081*‘,
which is indicated by one point B in diagrams of log Pg = £(1/T) or

2
E oo™ £(T) type: Point C_,C, and C, of figure 13 correspond to one

ss 1772 3
and the same equilibrium liquid & or gaseous sulphur/liquid tusl*x/
solid vy reS shown by the point C, in figures 6,7 and 9 to 11.

1+X
There is some disagreement in the temperatures given for points C

in figure 13 (1356°K) and in figure 11 (about 1210°K). Using the
same method, one sees that, points E1,E2,E of figure 13 stand for

3
/ solid y FeS d

the equilibrium solid y Fe/ liquid Fes

14X 1ex 2°

correspond to point E of figure 11; points F, and F, of figure 13

are shown as one point F in figure 11 and is1the triple point for 5
the equilibrium solid aFe/ solid yPe/ solid YFe$. In all these :ﬁ
figures, line AG separates the stables areas of 8 Fhs"x(low tempe- 3
rature hexagonal pyrrhotite) and y Fbsi*x (high temperature .
hexagonal pyrrhotite) and points G and A are two triple points for .

the equilibria solid y FeS/ solid 8 FeS/ solid « Fe and solid C

(] P‘S"x/ solid B FeS / solid 8032 (pyrite) respectively.

14X
Due to the complication of the S-Fe system and to lack of

information , we could not show the equilibrium conditions at low

temperatures (below about 500°K), and we have put some question-
marks on this area. This diagram might be revised as a result of

further work.
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1800 :_ .01 =13Mm -11816 -13473 29779 -] 37292
1900 5. o =-12vm 24323 ) 34341
2000 o -11808 22863 0 31432
2%00 0 N ) 19954 ) 17284
3000 o -1290 0217 ° 3647
3300 " 13934 8% o ) .
4000 -a527 ° o -
4300 ~13991 o 0
3000 ~21394 0 0 S
3300 -2u791 ° ] 33294 ' J
6000 36239 o 0 41820 ol
-]
- -.s‘
68 o 16304 P
ase 0 13343 =)
718 -2426 o
1318 8136 o . .-
~ A
TABLE I Standard chemical potentials u° ( or standard enthalpies of formation o
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M: ) of the considered substances (calories.mole ). SR
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(FE) /(3;), FReSyq40 (FE) /(S,), FeS
T°K | 1000/T | aGLCAL.) | EgoqtMy) Loc P, AG(CAL. ) | Eyge(MV) Loe Py,
) oo ~92478 ~1009 - -88134 -993 -0
100 |16. 000 -89137 -956 | -194. 8094 -84034 -911 | -183. 7003
200 | 3 ooo -85398 -92Y -93. 3189 -79351 -862 -86. 9296
298 | 3.3% -81765 -8016 -39. 9657 ~735295 -a19 -98. 1914
300 | 3 333 ~-81697 -86% -39. 5164 ~73173 -a14 -34. 7631
300 | 2. 3500 -78044 -046 -42. 6523 ~70948 -769 | .-38. 7543
soc | 2 o000 -74302 ~-807 -32. 3649 ~67032 -726 -29. 2998
600 | 1.667 ~71020 ~76% -2S. 8691 ~63300 ~686 ~23. 0971
700 | 1.429 -67618 -733 -21.1114 ~-59703 -647 -18. 6402
- 800 | 1.2%0 -642359 -698 ~17. 5548 -56180 -609 ~15. 3477 T
Le 300 | 1111 -60930 -660 -14. 7959 -52716 -571 -12. 8012 .-
1000 | 1. 000 -38087 ~6a17 -12. 6949 ~49307 -334 -10. 7761 D
1100 . 909 -34348 -509 -10. 7980 -45944 -498 -9. 1283 o {
1200 . 833 -51099 -553 ~9. 3064 -42632 -462 =7. 7644 S
1300 . 769 -47879 -519 ~8. 0492 -39371 -426 -6. 6189 . q
1800 | . 714 ~44491 -434 ~6. 9764 -35160 -392 3. 6448 ROy
1500 667 -41%40 -4%50 -4. 0524 -33194 -359 -4. 8364 oy
e
1600 . 623 -28428 -416 ~5. 2490 -30392 -33 -4. 1787 -4
1700 . sas -35339 ~383 ~4. 5457 -268024 -303 -3. 6027 ~'%
1800 . 9% -32337 -350 ~3. 9263 -23483 -276 -3. 0943
1900 . 526 -229%6 ~248 -2. 4406
1000 300 -204%8 -221 -2.23%
i"300 . 400 -032% -90 -. 7278 e
10C0 332 3340 36 . 2833 L
1500 . 296 14410 196 . 8998 e
1200 . 2%0 o
1300 | . P22 A
L
: 23020 . 700 7
o 1500 172 B
. o
- TABLE III Standard free enthalpies AG; of the considered reactions
y - : :
r. and the corresponding logarithms of partial pressures of gaseous (Sz) _ q
‘ in equilibrium, Reactions 14 and 15
( see page 5)
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considered reactions.

Approximate formulae,

IV.1 Reactions 1 to 4

( see page

5)

Temperature RT 1n p
N° Eqilibria .5 E _ (mv) lo
range (°k) (calories) sse g pS2
SYSTEM SULPHUR-~IRON
@ e /res 0~ 100 ~79478 + 237. %0 T -861.6 + 47 T ~17370 O/T + Q. 209
100 - 200 -79810 + 40.880 T ~863.2 + 43T -17442. /T + 8. 934
200 - 298 -79353 + 39.%10 7 “862.3 + .48 T ~17302. /T 9 633
296 - 500 -78183 + 34.970 T -847. 6 ¢+ 379 T -17086. 9/T 7. 643
200 -~ 1000 ~73672 ¢+ 2A7.948 T =809 3 + 33T -16319. 6/T7 + 6. 108
1000 -~ 1443 -73069 ¢+ 29.243 T ~-813.8 + 7T ~16406. 4/T 6. 193
1463 - 1809 -98164 + 16.790 T -630 6 « 182 T -12711. Q/T » 3. 669
1809 - 2000 -63916 ¢+ 21.020 T ~713.3 «+ 228 7T -14386. 1/T « 3. 3%
200¢ - 33CO -66040 ¢+ 21.132 7 “713.9 + IV T ~14433. 1/T » 4 610
®@| e /rFes1. 140 0 - 100 -81432 +  34.700 T -683. 0 398 T -17801. /T + @021
100 - 200 -@1747 + 39630 T -886. 2 43 T ~17869. %/T7 +» 9. 6t
200 - 293 -@13% ¢+ 37.090 T -392. 4 « a1 T -177@9. 1/T 9. 289
298 - %00 -90333 + 33.000 T ~@73.: » 79T -17600. /T + 7. 649
%00 - 1000 77112 + 29.1% T -836 0 .309 T -16892. 9/T » 6 134
1000 - 1809 -80607 + 31.634 T ~-873. 9 343 T ~17616.7/T .. "8
Q@ |rus /runs. 180 o - 100 -93493 + 30.370 T | <1037.4 + 3T -20914.2/T + 6. %81
100 - 200 -9573@ + 31.000 T ~1037.9 ¢+ 336 T | . -20923.6/T + & 773
200 - 29@ -94819 + 260.200 T -1027.9 « .26 T -20721. /T + 9. 767
298 - %00 ~97467 + 35.207 T | ~10%.6 ¢ 3| 3T -21301. /T + 7. 712
300 - 1000 “94480 ¢+ 29.712 T | 1026 4 » 2RT -20692 4/T + 6. 494
1609 - 1463 -181142 + 76,179 7| -1930. 1 ¢+ 825 T ~30846. 7/T +  16. 648
1463 ~ 1800 -189308 ¢+ 109.234 T | -3034. 5 1184 T -41417.1/T « 23.873
Q@ iruns. 100 /rusa o - 100 -36363 + 42720 T | "6l L+ 483 T -12362. /T + 9 336
100 - 200 ~%58164 + 9%0.710 T -630 6 + 36 T -12711.68/T « 12 851
00 - 299 38968 » 62729 T -639.3 ¢+ 680 T -12807.%/T +«  13. 711
298 - 300 -59661 + 43.0%9 T 646 8 « 703 7 -12030. 9/T + 14 2:9
200 - 1000 -63123 ¢+ 71.992 T -684.2 .78 T -1379%. /T + 19732
1000 - 1400 -53088 + 63.948 T -397.2 693 T -12039.3/T + 13.976
TABLE IV Influence of temperature on theequilibrium conditions of the
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RT.283/32
ye| Equilibria T:‘:g;:a%?;; Equilibrium Formulae
@ FE /(FES) 9 - 100 146166 - 49.800 T 9 131 T LOG P(FES)
100 - 200 146632 ~ 94.460 T + 9 151 T LOG P(FES)
200 -~ 298 146397 - 356.286 T+  9.151 T LOO P(FED)
<98 - 300 14463646 ~ $3.%09 T +» 9. 191 T LOO P(FES)
209 - 1000 145038 - 90.992 T +  9.151 T LOG P(FES)
1000 - 1809 13639 - 44.229 T » 9.191 T LOG P(FES)
1809 - 2000 124799 - 36.712 T+ 9. 131 T LOG P(FES)
2000 ~ 3909 116730 - 32.677 T +  ¢.151 T LOG P(FES)
@ FES /(FES) 0 - 100 112822 - 43.660 T
100 = 200 113321 - 47.670 T
200 - 298 113066 -~ 46.998 T
298 - 300 112273 - 44.238 T
300 - 1000 109863 -~ 39.420 T
1020 - 1443 107399 -~ 346930 T
1443 ~ 2000 96376 - 29.3%0 T
2000 - 3300 9383 - 26909 T
(FE) /PES 0~ 100 | -276938 + 100.6400 T -  9.151 T LOG P(FE)
100 - 200 | -278206 « 112.080 T - @ 131 T LOG P(FE)
200 - 298 | -278124 + 112473 T - 9131 T LOO P(FE)
298 - S00 | ~276720 + 107.960 T - 9. 151 T LOG P(FE)
S00 - 1000 | -272198 + 98.916 T -  9.151 T LOO A(FD)
1000 - 1463 | -267762 + 94.480 T - 9. 151 T LOG P(FE)
1443 - 2000 | 246391 ¢+ T79.873 T - 9151 T LOG P(FE)
. 2000 - 3300 | -238318 + 75.@36 T - 9131 T LOG P(FE)
@ (FE) /FES}. 1640 0~ 100 | -294642 ¢+ 91.980 T -  8.026 T LOO P(FE)
100 - 200 | -299742 + 102.980 T -  ©.026 T LGS P(FE)
200 - 298 | -299%% + 102.031 T -  8.026 T LOG P(FE)
293 ~ SCO | -2946%1 + 99.013 T -~  8.026 T LOG P(FE)
G500 ~ 1000 -290343 «+ 90.39¢ T - 8.026 ¥~ LOG P (FE)
1000 - 1800 | -248%72 + 98.427 T -  9.02 T LOG P(FE)
@ (FE) /(FES) o - 100 ~51314 + 13. 240 T » 9 191 T LOG(P(FES)/P(FE))
100 - 206 -81764 » 17.740 T + 9.191 T LOG(P(FES)/P(FE))
200 - 298 -31991 « 19878 T + 9 151 T LOG(P(FES)/P(FE))
200 - 300 -52172 + 19.489 T + 9. 151 T LOG(P(FES)/P(FE))
500 -~ 1000 -524468 + 20.076 T +» 9151 T LOGIP(FES)/P(FE))
1000 - 2000 -33290 + 20.898 T +  9.131 T LOG(P(FES)/P(FE))
2060 - 3000 ~87723 + 23.113 T » P 191 T LOG(P(FES)/P(FE))

TABLE IV 1lnfluence of temperature on the equilibrium conditions

of the comsidered reactionms.

Approximate formulae.

IV.2 Reactions 6 to

10

( see page 5 )
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% 2
. RT 1n pg RT 1n p
E o (mv) (= 2) log pg (= 2-) (or log p)
92.242 2 4,5756 T
%84, 6 - 340 T + .099 T LOS PIFES) 31944. 7/T7 - 10.884 <« 2.000 LOG P(FES)
1989 6 - 90 T + Q097 T LCQ P(FES) 32046. 3/T ~ 11.902 + 2.000 LOO P(FES)
1339 3 - |\ T . Q%7 T LGS P(FES) 32038.9/T - 11.864 + 2. 000 LOG P(FES)
1986. 7 - $8C T » Q99 T LCC P(FES) 31987. %/T - 11. 694 + 2 000 LOG P(FES)
1372 &6 -~ LI T + - Q97 T LOC P(FES) 31702. /T - 11. 122 + 2.000 LOG P(FES)
1900 3 - 479 T + 099 T LCO P(FES) 30249. 2/T - 9.66% + 2. 000 LOG P(FES)
13330 -~ .39 T + 099 T L3S P(FES) 27274. 9/T - 8.023 + 2.C00 LOG P(FES)
1263.9 - 3% T + . 099 T LO3 P(FES) 293511, a/7 - 7.142 + 2. 000 LOG P(FES)
LOO P(FES)= ~24637. I/T & 9. 546
: LOC P(FES)= - 24744 3/T ¢ 10. 418
LOG P(FES)= -24710.6/T +  10.2%0
LOG P(FES) = - 24337. /T & 9. 648 \
LOG P(FES)= - 264011. 1/T ¢ 8. 613
LOG P(FES)z -~ 20471. /T + 9. 073 .
LOG P(FES)s - 21041. 2/T + 6. 413 B
LOO P(FES)a - 19972. 2/T ¢+ 9. 880 .
~3002.9 ¢+ 1.071 T - .09 T LOG P(FE) -40929. /T + 21.986 -~ 2.000 LOG P(FE) -
-3016.0 + 1. 226 T - .099 T LOG P(FE) ~60802. 1/T + 26.714 - 2.000 LOG P(FE) K
-3015.2 + 1.221 T - .099 T LOG P(FE) -60784. A/T + 26.623 - 2. 000 LOQ P(FE) =
-2999.9 ¢ 1.170 T - .09 T LOG P(FE) ~60477.3/T «+  23.393 =~ 2.000 LOO P(FE) -]
-2990.9 + 1.072 T - .09 T LOG P(FE) ~39489.0/T ¢+ 21.618 - 2.000 LOG P(FE)
-2902.8 + 1.024 T - .099 T LOC P(FE) ~58919. 3/T ¢+ 20.649 =~ 2.000 LOG P(FE)
-~2671.1 + .866 T - 099 T LOS P(FE) ~33848.9/T + 17.4% - 2. 000 LOG P(FE)
~23583.6 ¢+ .822 T - .0% T LOG P(FE) -52084. 9/T ¢+ 16.374 - 2000 LOO P(FE)
-2T80. & W7 T - 37 T LOG P(FE) -95493. 2/T » 20.102 =~ 1.734 LOG P(FE)
TR S ¢ 1114 T - 587 T L3C P(FE) -93892. /T + 22.306 =~ 1.7%4 LOG P(FE) .
ETT9 3+ 1 106 T - Ca7 T L0 P(FE) -33691.9/T + 22.303 - 1.734.L06 P(FE)
2THS T - 1373 T - 237 T LOGC P(FE) -99494 1/T + 21. 440 =~ 1.734 LOG P(FE)
2T 0+ |C T - 287 T LA P(FE) -%4712. 4/T + 19.797 - 1.734 LOG P(FE)
2523 @8 « 941 T - 087 T LO¢ P(FE) -54329. 6/T + 19.370 =~ 1.734 LOG BP(FE)
-225 3 - 194 T » 399 T LOG(P(FES)/P(FE) -11214.7/T » 2.994 + 2000 LOG(P(FES)/P(SE))
~%31 2 > 192 T « 999 T LOG(P(FES)/P(FE) =11313. /T » 3.877 + 2.0C0 LOG(P(FES)/P(FE))
-%:3 & + 209 7T - 099 T LOG(P(FES)/P(FE) -11362. 7/T « 4.126 + 2.000 LOG(P(FES)/P(FE)}
-363 & + AL T . 099 T LOG(P(FES) /P(FE) -11402. /T 4.298 <+ 2.000 LOG(P(FES)/PIFE})
-953.3 » 218 T+ 099 T LOG(P(FES)/P(FE) -11464. /T + 4.388 + 2.000 LOG(P(FES)/P(FE))
-377 7 27T L 099 T LOG(P(FES)/P(FE) ~11444. /T + 4.967 + 2.000 LOG(P(FES)/P(FE))
-528.2 + a5t T .099 T LOG(P(FES)/P(FE) -12619. &/T + 9.052 + 2.000 LOG(P(FES)/P(FE))
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Temperature
Equilibria range (°K) Equilibrium Formulae
(FE) /(%) . Te [o] 100 -58740 + 31.320 T + 4.976 T LOG(P(SR)/R(FE))
100 200 -99198 < 36.100 T + 4.3576 T LOG(P(S)/P(FE))
200 298 -99294 + 36.582 T + 4.576 T LOG(P(S2)/P(FE))
294 300 -99269 + 36.499 T +» 4.576 T LOG(P(S2)/B(FE))
500 - 1000 98763 + 39.484 T +  4.576 T LOG(P(S2)/P(FE))
10C0 1809 -93761 + 32. 483 T « 4 576 T._LOG(P(S?)/P(FEH
1809 - 2000 -89714 + 29.140 T + 4. 576 T LOG(P(S2)/P(FE})
2000 3300 -86139 « 27.332 T + 4. 376 T LOG(P(SQ)/P(FE))
@ (FE) /(S,).Pa (o] 1C0 ~9&6790 + 34.040 T 9. 131 T LCO(P(S1)/P(FE))
100 200 -97304 + 49.180 T +° 9. 1931 T LOG(P(S1)/P(FE))
200 298 «97100 + 48. 163 T +» 9. 191 T LOQ(P(S1)/P(FE))
298 - %00 96388 + 46.446 T + 9. 191 T LOG(P(S1)/P(FE))
300 - 1000 94842 + 42,952 T +  9.131 T LOG(P(S1)/P(FE))
1000 1809 -87967 + 36.072 T » 9. 191 T LOG(P(SL)/B(FE))
1809 2000 «79394 a 127 T « 9. 191 T LOQG(P(S1)/P(FE))
2000 - 3%00 ~678%7 +  29.999 T + 9. 131 T LCO(R(81)/P(FE))
(:; (FE) 7¢5;). Fa8 2 100 -92319 + 33.340 T + 3 030 T LOG(P(32)/P(FE))
100 200 -92734 » 37. 649 T + 3.090 T LOG(P(SR)/P(FE))
200 298 -92708 + 37.361 T » 3.C30 T LOG(P(SQ)/P(FE;)
298 900 -92238 + 395.969 T 3.090 T LOO(P(SQ)/P(FE))
S00 - 1000 -90732 + 32,972 T +  3.0%0 T LOG(P(S2)/P(FE))
1000 1463 -89292 + 31.493 T » 3.030 T LOO(P(S2) /B (FE))
1463 - 2000 -82132 + 26.626 T +  3.050 T LOG(P(S2)/P(FE))
2000 3300 =7943% » 2%5. 277 T » 3.050 T LOG(P(SR) /P(FE))
(FE) /(5)) . MaSeine o - 100 -92478 + 33.410 T+ 2. 919 T LOG(P(S2)/P(FE))
100 - 200 -92876 + 37.390 T + 2. 918 T LOG(P(SR)/R(FE))
<00 298 -92812 +» 37.071 T «+ 2919 T LOG(P(S2) /P (FE))
290 - %00 92479 + 35.935 T + 2 913 T LOG(P(SZ:/P(FE))
3500 1000 -90917 + 32.830 T + 2915 T LOGI(P(SR)I/P(FE))
1CCu - 1300 -90274 + 32.186 T + 2 913 T LOG(P(S2)/P(FE))
@ (FE) /(5. Fe$ 0 100 -88134 + 40.800 T + 4.376 T LOG(P(S1)/RP(FE))
100 - 200 -88537 + 43.030 T + 4 374 T LOG(P(S1)/P(FE))
200 298 -88310 + 43. 837 T 4 376 T LOG(P(SL)/P(FE))
294 300 -87283% + 40.708 T « 4 976 T LOS(P(SL)/P(FE))
S00 1090 ~84797 - 39.4350 T » 4 376 T LOG(P(S1)/P(FE))
1000 1463 -32174 » 232.868 T + 4. 376 T LOG(P(S1) P (FE))
1462 2099 -71236 ~ 29. 384 T +» 4 376 T LOG(P(SL) /P (PE))
2000 - 3300 ~66948 +  23.243 T + 4 376 T LOG(P(S1)/R(FE))
TABLE IV Influenceof temperature on theequilibrium conditions

of the coansidered reactions.

Approximate formulae.
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RT.283/35
RT 1n Pg RT 1n Pg
Egse @) (= 2) log pg (= 2 )
92.242 2 4.5756 T
1070 1 ¢ .342 T + .030 T LOG(R(SR)/PIFE) -21979 7/T +  6.899 + 1.000 LOG(P(S2)/P(FE))
0TS 4+ 391 T+ .09 T LOG(P(S2)/PFE) ~21679.8/T +  7.890 + 1.000 LOG(P(S2)/P(FE))
1976 3+ .397 T + .030 T LOG(P(S2) /P (FE) -21700.8/T +  7.993 + 1.000 LOG(P(S2)/P(FE))
1076.2 = .394 T + 030 T LOG(P(S2)/P(FE) -21699.1/T +  7.976 + 1.000 LOG(P(S2)/P(FE))
-1070.7 + 389 T + .030 T LOGIP(S2)/P{FE) ~21964.7/T +  7.79% + 1.000 LOG(P(S2)/P(FE))
10381 + .332 T + .030 T LOG(P(S2)/P(FE) -20928.6/T +  7.099 + 1.000 LOG(P(S2)/P(FE))
-972 2+ .316 T + .090 T LOG(P(S2)/P(FE) -19607.0/T +  6.368 + 1.000 LOG(P(S2)/P(FE))
-935.8 + .297 T + 030 T LOG(P(S2)/P(FE) -19829.7/T +  5.978 <+ 1.000 LOG(P(S2)/P(FE))
-1049 3+ 477 T + 099 T LOG(P(S1)/R(FE) -21193.3/T +  9.623 + 2000 LOG(P(SL)/P(FE))
19%3 9 - .933 T + .99 T LOC(P(S1:/P(FE) =21263.8/7 « 10.748 <+ 2.000 LOG(P(S1)/P(FE))
-1082. 7 - .82 T - . 099 T LOG(P(S1)/P(FE) -21221. /T +» 10. 926 <+ 2.000 LOG(P(S1)/P(FE))
1347 .+ .304 T + .099 T LOG(P(S1)/P(FE) -21109. 4/T +  10.151 + 2.000 LOG(P(S1)/P(FE))
1228.2 4 .466 T + .099 T LOG(P{S1)/P(FE) -20727.8/T +  9.387 + 2.000 LOG(P(S1)/P(FE))
-<83.7 +  .391 T + .099 T LOG(P(S1)/P(FE) -19229.2/T +  7.889 + 2.000 LOG(P(SL)/P(FE))
-317.4+ .316 T + .099 T LOG(R(S1)/P(FE) -16477.4/T +  6.366 + 2 000 LOG(P(S1)/P(FE))
-73%.6+ 273 T + . 099 T LOG(P(S1)/P(FE) -14830.2/T +  5.342 + 2. 000 LOG(P(S1)/F(FE))
1000.3 ¢+ .34 T + .033 T LOG(P(S2)/P(FE) -20176.4/T +  7.330 + .6&7 LOG(P(S2)/P(FE))
12093+ 409 T + .033 T LOG(P(S2)/P(FE) ~2C267.1/T +  8.237 + . 667 L0G(P(S2)/P(FE))
1368 1+  .407 T+ .033 T LOG(P(S2)/P(FE) -20261. 4/T +  8.209 + . 667 LOG(P(S2)/P(FE))
1530.0 + 390 T + .033 T LOG(P(S2) /P(FE) -20138.7/T +  7.863 + . 667 LOG(P(82)/P(FE))
-933.4 + 397 T + 033 T LOG(P(S2}/P(FE) -19829.3/T +  7.206 + . 647 LOB(P(S2)/BIFE))
~%47 & » 331 T + 033 T LOG(A(S2)/P(FE) -19306.1/T +  6.883 + . 667 LOG(P(SR)/P(FE))
-390 2+ .399 T .033 T LOG(P(S2) /P (FE) ~17990.0/T +  9.819 + . 647 LOG(P(S2)/P(FE))
-281.2 + .27 T + 033 T LOG(P(S2)/M(FE) -17360.6/T +  3.926 + . 667 LOG(P(S2)/P(FE))
1002 & 262 T+ .032 T LOG(P(S2)/P(FE) -20211.1/T +  7.302 + .637 LOG(P(S2)/P(FE))
1006, 9 403 T+ .032 T LOG(P(S2)/P(FE) -20298.1/T +  8.172 + . 637 LOG(P(S2)/P(FE))
‘1026 2+ 402 T » .032 T LOG(P.S2Y/PFE) =20284. 1/T » 8 102 + . 637 LOG(P(SR)/P(FE))
-1662. 3+ 390 T+ .032 T LOG(P(SR)/P(FE> -20211.3/T + 7 858 + .637 LOG(P(S2)/P(FE))
933 6 + 336 T + 032 T LOG(P(S2)/P(FE) -19870.0/T +  7.17% + . 637 LOGCP(S2)/P(FE))
-979 7 + .3a9 T + 032 T LOG(P(S2)/P(FE) ~19729. 4/T +  7.039 + .437 LOO(P(82)/P(FE))
~993 9+ 332 T + 030 T LOG(P(S1)/P(FE) -19281.7/T &« 8.917 + 1.000 LOG(P(S1)/P(FE))
—3s0.1 + 383 T + .030 T LOG(P(S1)/P(FE) -19334.2/T +  9.841 + 1.000 LOG(P(S1)/P(FE))
997 3+ 473 T + 030 T LOG(P(S1)/R(FE) -19301.9/T +  9.381 + 1.000 LOG(P(S1)/P(FE))
-747 3+ 241 T + %0 T LOG(P(S1)/P(FE) -19098.0/T +  9.897 + 1.000 LOG(P(S1)/P(FE))
9189 - 384 T+ 030 T LOG(P(S1)/P(FE) -18923.7/7 +  7.748 + 1.000 LOG(P(S1)/B(FE))
-990.9 » 336 T + .030 T LOC(P(S1)/P(FE) -17939. 2/T «  7.183 + 1.000 LOG(P(81)/P(FE))
-772.2 ¢+ 279 T+ G30 T LOG(P(S1)/P(FE) ~19%66.3/T +  9.348 + 1.000 LOG(P(S1)/P(FE))
7238+ 292 T+ 030 T LOG(P(S1)/PFE) -16431.5/T +  9.080 + 1.000 LOG(P(S1)/P(FE))
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FIGURE 2 Equilibrium diagram log p. = £(1/T) for the system S-Fe
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data given in the JANAF tables) (provisional diagram)

(see page 8 )
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py = pyrite

po = pyrrhotite (see page 10)

Fe = iron
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1 SUBSTANCES CONSIDERED

*
Considered not considered
Solid substances
System O 02’ 03
System S a,8S
System Fe a,v,8Fe
System O-Fe Fel_-XO(wiistite) FeO, reo'mo
cFeZO3(hematite)
- (ak eite)
E‘i 0.5F2304(magnetite)
Fe3-Y°4 (non-stoichiometric
System O0-$ Soz,'so3magnet1te) 6503 .7503
System S-Fe a,8,yFeS (troilite) Fezsa,
By FQS1.14° (pyrrhotite) Fesz (marcasite)

By Fesi*x (pyrrhotite)

Fe52 (pyrite)
System 0-S-Fe FeSO4, Fe2(504)3

Liquid substances

-
5
i
*
-

System O 02 03
Eil System S s
o System Fe Fe
o
t:': System O-Fe F‘I-zo’F¢3-yo4, “203 . FeO, Fco. “70
Ei System S~Fe PeS, Fb$‘+x
Fi * Some of these substances have been considered in previous
L reports(l.1 to 1.12), and omitted in the present work. N
L;, '{“
- ‘ ".“
- =
AL L
> =
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Gaseous substances

ke "R Tl A Vi Sal St Al S Al A B sal S A RN Sl Sl A A A A

considered

not considered

System O (Ol), (02). (03)
System S (5,2, (SZ)’ (5¢)» (Sg) (83), (84), (SS)’(S7)
System Fe (Fe)
System O-Fe (FeO)
System 0-S (5,0),(50) ,(50,) , (50,) (5,0,),(5,04),(5,0,),(5,0)
System S-Fe (FeS) '
2. EQUILIBRIUM TEMPERATURES AND EQUILIBRIUM ELECTRODE
POTENTIALS OF THE CONSIDERED SUBSTANCES.
ENTHALPIES OF TRANSFORMATION.
Equilibrium Equilibrium Enthalpies
temperatures electrode of
potentials transformation
T(°K) E AH(cal,/mole)
*
System O 02 / Oz,l 54.7 - 7.48 mv ., + 106.3
System S aS / BS 368.3 - 178.62 mv*%, + 95.7
- K
8S / Sl 388.4 170.72 mv + 412.8
3 System Fe ofFe/ yFe 1184 . + 215
X yFe/ &Fe 1665 _ + 200
: éFe/ Fcz 1809 _ +3300
[ ke
- System O-Fe triple points
M F -
= A.afe/ Fel_XO/ Fe304 843 1086 WV e —
[ - "
b B.aFe’ yFe /Fel_xO 1184 971 —_
. - "
"o c.yFe/ Fel_xO/ Fcl_xaz 1644 818 _
= D.yFe/ &Fe / t-’ez_xaz 1665 - 812 " _
.,." - "
s E.8Fe/ Fe, | Fe, .0, 1801 773 ' _
'.-:'.' F.FQI_XO/Fcl_sz/F0304 1697 - 526 _
.
. * This value results of formulae ué ==1864 + 21.464T (10-54,.7°K)
and Ho ==1758 + 19.520T (54.7-110°K)
T (see ref.1.5,p.90)
** These values result of formula prt ==14915+ 18.129T (298-500°K)

**% See ref.(l.4 , p. 47.b)

S,l (see ref.(l.10)P. 22)
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Equilibrium Equilibrium Enthalpies
temperature electrode of
potentials transformation
T(°K) E AH(cal./mole)
System O-Fe triple points

G. Fbl_xaz/ Fe304/Fb3_xO4z 1870 - 363 :vsoe .
H. Fe,0,/Fes 0, /z~'.33_1,a4z 1870 - 131 ’ _
J. Fea-v°4/F°3-I°4{ Fe203 1825 + 62 ) _
K. Ft3_1044 FeZO3 /F’ezo32 1856 + | 98 ) _
L. Fe304 / Fe3-Y°4/ Fe203 998 - 528 __
System 0-5 S0, / 50, ,  200.5 - LT, + 1769

3503 / 503,1 335 - 376.5" + 6090
System S-Fe triple points

Kk
"

C. v FeSl+x/ Sl / Fh$1+x 12 10% + 100 " x*k S —
E. y FeSy /v Fe / Fos, b 1261 - 430 M wkk —
F. yFeS /aFe/rFe © 118 = 450 M s —
G. @ FeS /y FeS /a Fe 598 - 610 " k&% —_—
H. vy Fe /8 Fe / ’“51+11 1665 = 410 M Ak —_—

3. THERMODYNAMIC DATA

3.1 Standard chemical potentials u' (or standard free enthalpies

of formation AGE) (tables I and II)

Tatles I.1, I.2 and I.3 (pages 21 - 23 ) give , for

different temperatures from =zero till 6000°K , values of stan-

dard chemical potentials admitted for the substances comnsidered
in the present work. The values relating to substances of the
one-component systems O,Fe,S and of the two-components systems
O-Fe, O-S and Fe-S (columms A to I and L to Y) are those

already admitted in previous reports of these series

$0 =- 837.4 + 0.231T (200-298°K)
'9VY2s.1 (see ref.l.ll, p.47)

** This value results of formula (make some slight extrapolation):

E == 729.6 + 1.054T (200-298°K)
(see ref.l.11,p.47)

***These values are given by a graphical method according to

* fThis value results of formula E'soe

soe,soss 1

figurell of system S-Fe (ref.(1.12), p. 45 ).
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(ref. 1.1, 1.3, 1.4, 1.10, 1,11 and 1.12). The values given in
columns J and K for condensed FeSO4 and Fe2(504)3 are given
by the JANAF tables (ref.(2)).

Tables II.t, II.2 and II.3 (pages 24 - 27 ) give
some simplified formulae of the type p'= A+ BT ({relating to

given temperature ranges ) for the approximate calculation
of the influence of temperature on the standard chemical poten-

tials of the considered substances.

3.2 Reactions and equilibria considered.

Formulation of the standard free enthalpies

of reaction AG;

Tables III.1  and III.2 (pages 28 - 31 ) "
give a 1list of 48 reactions and formulae which refer ;lii
successively to the one compoment systems oxygen (where we -

shall consider 3 reactions with the mark A ) and sulphur
{(where we shall consider 8 reactions with the mark <> ),

to the two components systems oxygen-sulphur (where we shall

_consider 12 reactions with the mark [J ), oxygen ~iron
(where we shall consider 6 reactions with the wmark WV )
and sulphur -iron (where we shall consider 7 reactions with

the mark £ ), and to the three components systems oxygen-

e s Ty Yy N AN
HAPEEA RN AR v
' B . R PR .

sulphur - iron (where we shall consider 12 reactions with the

-

E; mark QO ).

3

;} The formulae given in the third column of

LC tables IIT,1 and III.2 give , for every of the considered

E; reactions , the standard free enthalpy of reaction A.G; as a
E; function of the standard chemical potentials p° of the consi-

t

dered reactants. The fourth column of these tables gives the

v
Py

L formulae for the calculation of the free enthalpies of

M
A

reaction AGr as a function of their standard values AG; and

D)
.

of the partial pressures (or better fugacities ) of the consi-

:T'-..Trv v.‘ v
] . .

dered gaseous reactants.

.

' .
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A
e

ays.

For instance:

- for reaction & (02) - 02 .1

"=
4
E

]

= | AG, + RT 1n poz' a6 .
o and - the equilibrium condition is
RT 1n Py = AGr

or In poz- AG. / RT
2 r

'
P

LR N
ST !

e Tt e

At P

- or log Py = AG; / 4.5756T .
2 S

- for reaction ® 2(51) + (Sz) =2 (Sz)

@

AG_+RT lnp, =AG. + 2RT 1n (pg /pg ) "
2 2 1 o

. and the equilibrium condition is Y
: RT 1n pg -Acr+zn'rln (pg /pg ) '

2 por 2, °1

or 1n psz AGr /RT + 2 ln(pSZ/p‘si)

= Ac; /4.5756T + 2 log (pg /pg )
’ 2 1

or log Pg

.
L 0, .l' l. '. ('
R .

2

- for reaction @ 2(s0) + (02) =2 (802)

3 AG_ + RT 1n Po, '
° and the equilibrium condition is .
/pSO) :'.:
)

=A Gr 4+ 2RT ln (psozlpso)

RT 1n poz = A c; + 2 RT 1‘? (pso2
or Im Po, =4 G /RT+2 1n (Psozl Pso
’. or log po2 =4 G; /4.5756T + 2 log(psozlpso)

- - for reaction @ 0.667 t-'e203 + 2 (SOZ) + (02) = 0.667 F¢2(804)3

AG +RT Inp. =AG -2RT lnp
.. T 02 T 802

and the equilibrium condition is
RT 1n p02 = AGr =2 RT 1n ps02

e or 1n ;:oo2 =A G /RT = 2 1n ps02

or log Po =A G; /4.5756T - 2 log Pgo

2 ‘ -
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3.3 Values of the standard free enthalpies of reaction

AG;, of the standard equilibrium electrode potentials

-—50€e

, and of the equilibrium gaseous pressures.

Tables 1IV.1 to IV.4 (pages 32 - 35) give, for

the 12 reactions relating to system O0-S-Fe which have been
mentioned in tableIII.2 (page 30 ), the values of the standard
free enthalpies of reaction AG; (calories per molar group) ,

for given temperatures from zero to 6000°K. These data have

been obtained by introducing in the formulae given in the

g

third column of table III.2 (page 30 ) the values of stan~
dard chemical potentials u° given in table I (pages 21 - 23 ).

These tables 1IV.1 to YI.4 also give, for the 11

reactions involving gaseous oxygen (02), i.e. for all reactions

ODDD e

given in the lower part of table III.2 except that numbered (1)

the values of the standard equilibrium electrode potentials E;oe

versus the standard oxygen electrode (under 1 atm. oxygen pressure

S5 O

at the considered temperature) and the corresponding values
of the decimal logarithms of the equilibrium oxygen pressure

log Po (atm.). These values have been deduced from the
2
values of AG;_ given in these tables IV.1 to IV.4 by the

following formulae:

= AG

l":;oe(m") - T'Z_Z?—

a¢;

o log polatm) = —yser

-

-

3 This table IV.1 gives , for the reaction () which

: does not involve gaseous (02) and which involves gaseous (803). !
L. the decimal 1logarithm of the equilibrium pressure of gaseous . q

» (S0,). These values have been obtained by introducing in the R
formulae given in column 4 of table III.2 the values ofAG;_

already given in table IV.1.
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Tables V.1 and V.2 (pages 36 -39 ) give, for several

temperature ranges , approximate formulae for the calculation
of the influence of temperature on the equilibrium conditions
of 12 reactions relating to system O0-S-Fe considered in

table III.2 (page 30 ). Columns 1 (RT ln Po ) and Z(Eso )

e
relate only to reactions involving gaseou% oxygen. Column 3

(log p) relates to all reactions . These formulae have been
obtained by introducing in the formulae givean in column 4
of table III.2 (page 30 ), the values of AG; given in
table IV  (pages 32-35 ).

4, EQUILIBRIUM DIAGRAMS AND THEIR INTERPRETATION

Figure 1 shows, for the temperature range from
zero to 1800°K and for the electrode potentials from
-1.70 to +0.20 voltsoe, the stable eﬁuilibria of system O-Fe
(ref.(1.4), Fig. 14, p.47c). Solid a,y Fe , non-stoichiometric
ferrous oxides Fel-Xo (wistite), a B Fe304 (magnetite), non-
stoichiometric magnetite F‘3-Y°4 R cFeZO3 (hematite),aFezo3
(akaganeite) , as well as gaseous (Fe) , appear on this
figure 1 . We have kept for the lines drawn in this figure
the numbers with which they- already appeared 1in a previous

report on system O-Fe(ref.(1.4)) and we have written these
numbers inside a triangle: W ’ v secssss

Figure 2 shows the stable equilibria of system 0-S
(ref.(1.11), Fig.2, p. 72 ) with the same coordinates as figure 1,
for different gaseous pressures from 10-6 to 1 atm. Condensed

S » S0 > S0 and gaseous species (58), (56). (SZ)’ (SOZ)
and (503) appear on this figure 2. We have Lkept for the
lines drawn in this figure. the =numbers with which they already
appeared in a previous report on system 0-S (ref.(1.11)), and

we have written these numbers inside a square m ’ @
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Figure 3 is the equilibrium diagram E = £(T) for the system
S-Fe (temperature from zero to 1800°K, E from -1.70 to +0.20 voltsse).
This figure was drawn according to P.TOULMIN’s and P.B.Jr.BARTON’s
work(ref.(5)) and to T.ROSENQVIST’s work on the equilibria of system
Fe/HZS/H2 (ref.(6)), and with the use of an equilibrium diagram for
system S-H drawn in 1939 by M. POURBAIX (ref.(7)).(see ref.(1.12),
p.41). It shows notably the stability of Fesz,pyrite(between lines <§>
and /5/),0f Fes1+x » ryrrhotite (between lines /5/ BCDEF and /i/) ,of
FeS, troilite( along line /1/),and of Pe(below line /J/EH), as well as
of gaseous (88), (S6), (SZ)’ (Si) and (Fe). We have kept for the lines -
drawn in this figure the numbers with which they already appeared © ]
in a previous report on system S-Fe (ref.(1.12)), and we have
written these numbers inside a parallelogram : 4{57 , ,{:7....... T‘j{
We have not found in the literature thermodynamic data nor ;“H
sufficient experimental information relating to the form of
pyrrhotite stable below about 500°K ; so we have put some e

question-marks on this figure.

Figure &4 shows the stable equilibria relating to the 7:25
three components system O-S-Fe in the presence of gaseous m
atmospheres containing sulphur derivates ((503), (802). (58), (86)
and (Sz)) under 7 different pressures (from 10.6 to 1 atm.).

This figure has been obtained by superposition of figure 1

(which relates to system O-Fe) and of figure 2 (which relates
to system O0-S), with addition of data shown at figure 3

y (which relates to system S-Fe) as well as of data concerning
the stability conditions of the three components substances

p Fe2(304)3 and FeSO4 .

4.1 The stability and decompositiocn of Fe2§50'!3

At figure 4 , one sees that ferric sulphate Fez(so4)3
is thermodynamically stable in the presence of gaseous mixtures
of (803),(502) and (88) on the 1left~- hand side of the lines of

Lot a0 s ra an S hs AL SEL AN G S0 SN i P04
. .- i
. . »

Y
T S I
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families Q@ , @,@ and @ corresponding to the existing
pressure . This is shown more clearly at the simplified
figures 6.a to 6.4 , which relate respectively to a pressure
of 1079 1077 1072

may not co-exist with gaseous (803) and / or (SOZ) and may be

and 1 atm.In this left-hand side area, Fe203
transformed into Fe,(504)y.

Figure 4 also shows that , under 1 atm. pressure,
Fe2(504)3 may, above -0.20 volt  _, be decomposed with
~ formation of Fe203 and (503) or (802) (reactions () and ) )
when heated above 900° to 1055°K (627° ¢o 782°C ), Between
about =0.20 and -0.87 voltsoe, it may be reduced with

formation of FeS0, and (50,) above about 230° to 900°K ‘
( =-43° to 627°C ). Below -0.87 voltsoe, it may theoretically be reduced ';Q_

with formation of Fhsz and (58), as well as of elementary S. Pt

According to formulae given in section 1  of

table V.1(see page 37 ) , the thermal decomposition of

Fez(504)3 according to reaction

Fez(so4)3 - I’QZO3 +3_(so3) @

Proceeds above 640°K (367°C) with evolution of (803) under

the following partial pressures:

log Pso, -6 -5 -4 -3 -2 -1 0
T(°K) 640 685 736 796 866 950 1055
1/Tx10° 1.563 1.460 1 .358 1.256 1.155 1.052 0.948

These data allow to draw at figure &4 the family

of wvertical isobar lines (:) .

In fact this reaction was used by N.LEMERY » for
preparing sulphur trioxide by distillation of ferric
sulphate (ref.(4), p.339).
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Y

: 4.2 The stability and decomposition of FeSQ,

- Ferrous sulphate , FeSO4 s 1s the most important
iron(II) sulphate, It is used for preparing other iron
compounds, other sulphates , and in water treatment for

avoiding the pitting corrosion of copper and copper alloys.

At figure 4 one sees that, in the presence of
gaseous mixtures of (503), (SOZ) and (Ss), ferrous sulphate
is thermodynamically stable in the triangular area between lines
@, @ . @ and . Under { atm., above line @ of index
zero , it may be oxidized into ferric sulphate , Fe2($04)3 .
and , below lines @, @ , of index zero , it may be transformed into
Fe203 or FeSZ . Ferrous sulphate decomposes with formation
of Fe,04 and (S0,) from about 415°K (142°C) to 670°K ( 397°C)
under 10 to 1 atm.

Laun o Sl A g
. f A

In practice , the mechanism of the decomposition
of Fez(SO“)3 or FeSO4 might be more complicate than that we have
just said above. Some basic sulphates, such as Fe202(504),are
formed in these processes (ref.(3), pp,256-257 and pp.310-311).
Those cases have not been considered in the present study.
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4.3 Ferric oxide as a catalyst for the
oxidation of (S0,) to (803)

One sees at figures 5a and 5 b (which is

an enlargement of part of figure 5 a ) that, in the presence

of a gas containing 5 to 15% (02) and 15 to 5% (802)+(SO3),
under atmospheric pressure ( log p= ~1.3 to -0.8 for both gases),
(see the shaded area), F'ezo3 is stable or unstable according

to the temperature is higher or lower than about 905°K(632°C)

to 947°K(674°C). Assuming that ferric oxide may act as a catalyst

only when thca and rez(sq4)3 may be simultaneously locally stable in the
gaseous atmosphere,these figures lead to the conclusion that FezO3 might be
a catalyst for the oxidation of (SOZ) to (803) only above
the here mentioned temperature range. And this is in agreement
with results shown in our previous work (see ref.(1.11), figure 10
p. 81 ). The catalytic action of Fe203 is then due to the

following sequence of reactions:

Fe203 + 3 (s0,) + 3/2 (0,) -Fe2(504)3 reaction @

Fe,(50,), ~Fe,0, +3(S04)reaction @

i.e. globally: 3 (s0,) + 3/2 (0)) = 3 (504)

Such a mechanism has been reported by ref.(4)(p.338).

4.4 The high temperature corrosion of iron in gaseous

atmospheres containing oxygern— and sulphur derivates

Coming back to the possible application of these
diagrams to the study of corrosion phenomena, we shall take
the risk of making some predictions in an area where we did
not yet have the opportunity to 1look extensively to the

literature, nor to make any experimental work: the high

" ) temperature corrosion of metals in the presence of gaseous

atmospheres containing oxygen- and sulphur derivates.

We shall assume that the <corrosion behavior of




—

RT.284/14

the metal very much differs according to its stable form

in the existing conditions (of temperature, composition of
the gaseous phase , and pressure ) is the metal itself
or a solid non volatile oxide ( in this case corrosion is
probably often not to be expected), or a salt (in this
case corrosion is probably often to be expected if the
temperature is high enough for allowing the formation of

this salt).

In figure 6 a, which is a simplified version of the
equilibrium diagram of the three components system O-S-Fe already
shown in figure 4, the isobar line marked -6 relates to gaseous
atmospheres where the total pressure of sulphur compounds
((803)+(802)+ gaseous sulphur (88) to (Sz)) is 10-6 atm. (i.e. for
instance 2.8 mg (502) per cubic meter at 0°C and 1 atm.). This
isobar 1line separates (on its left side) a region where the
stable form of iron is , according to decreasing values of

the oxygen electrode potential Es » Successively the salts

Fez(SO4)3 ’ FeSO‘. FeSzand F°51+X’ ° from a region (on its
right side), where its stable form is an oxide ( Fezoa. F0304,
Fel-Xo) or the metal itself. These two regions are shown
at figure 6 a respectively as a shaded and a not shaded
area , which would , if the assumption we have just made

is correct, correspond respectively to a corrosion area and

to a non-corrosion area (at high temperatures), The three other

diagrams drawn at figure 6 have the same significance, for
pressures in total sulphur derivates equal respectively to xo",
10‘-2 and 1 atm.

We recall that figures 6 a to 6 d(which result of

the three components equilibrium diagram for system O0-S-Fe)
might be valid for the behavior of iron in atmospheres con-
taining only oxygen- and sulphur derivates. For atmospheres
containing aiso hydrogen derivates, such as (H,0) and (st)’
figure 6 should be replaced by other figures, which should
result from the equilibrium diagram for the four components

system O-H-S-Fe, which has not yet been set- up.
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It is 1likely that, in case figures 5 and 6

would ©prove to be wuseful, the setting up of similar diagrams e
relating to other metals ( for instance Al, Co, Cr, Mo, Ni, Si, T
Ti, Zr, W) would also be useful,. '5j
-
7:!!
/ |
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Condensed substances ;;:
A B Cc D E F G H 1 i
]
x| @ 03su) §siw|  s0acs L) $03cs.L)| pees.L) | PES(s.L)| rest. 140] peg2 .
—eod
_.e
ols -186a of -79116 |-109735 o | -2as21 -28976 | -40121 Ry
100 [+ 19a| -31314 o] -760a7 |-103s49 o | -24371 28968 | -39g@48 121
200 -28730 ols. -72978 | -9¢v08 0o | -243%6 -29019 | -39120 ’1}
298 o|!. -7088s | -900s3 o | -243¢8 | -27123 | -382% -
; 300 o o] | 5.-89908 o | -28368 | ~2m129 | -38239 d
400 o] 1.-g4298 0 I8 -24400 -29298 | -37246
: 500 ° o P -24s98 | -29267 | -33900 I
[ | L
. 600 o 0 [f-28630 [T -29263 | -34387
- 700 o o | -2a780 | -29a7e | -az7e9
. ¢ 800 -1198 o | -26103 | -20631 | -33466
- 900 238 o | -2473a7 | -28916 | -28782
1000 1478 o | -23362 | ~-27710 | -24101
1100 3067 o 0 | -21950 | -2%422 | -19a392
1200 4428 T 0 | -20523 | -23641 | -14680
1200 5763 o | -19096 | ~-218e1 -9977
1400 7076 o | -17693 | -20108 -s302
1500 8348 o | -1e308 | -183%0
1600 v o | -1%662 | -18710
1700 o o | -14820 | -13072
1800 g Q -13971 -13473
1900 1. o | -12938
2000 o | -11888
2300 ) -6393
3000 ) -1230
3300 ‘9973 13954
4000
4300
5000
5500
6000

* This formula Fes‘.14o relates to a particular éomposition of the non-

are given by the relationship

TABLE I Standard chemical potentials u'

uPeS

= 4,140%x y’

1.140

Feq 877

S .

stoichiometric ferrous sulphide ch'+x (pyrrhotite) . The correspondine values
of y’

(or standard free enthal-

pies of formation AG;) of the considered substances(calories‘mole

1.

I.1 Columrs Ato I

(see page 5 )
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<
I Condensed substances Gaseous substances
J K L M N (0] P Q
" T° Fesoe Fe2(304)3] Fex0e Fe2Q (01) a2 ({ek}) (s1)
- o | -219730 -266398 | ~195757 38984 o 34739 65663
- 100 | -213311 -2393592 | -190611 37988 o 37373 62883
- 200 | -=203309 -2513%6 | -184182 84728 ‘o 37411 39706
ﬁ 298 | -197176 | -3%0882 -243191 | -177719 33390 o 38997 56533
I 300 | -197022 | -340408 -243038 | -1773%8 95364 o| . avoze 56473
= 400 | -188568 | -314624 -234820 | -1710€1 53942 o 40684 33251
soo | -180178 | -4esna3 ~226772 | -164481 32480 ) 42331 %0189 )
]
600 | ~171689 | -461952 -218928 | -1%€409 80991 o 44013 47208 D
700 | -1a3193 | -a3ss21 -211290 | -152293 49481 o 45672 44268 R é
goo | -136037 | -413004 -203874 | -146206 47933 o 47321 40171 T
. 900 | -146185 | -382362 -196661 | -140248 46418 0 48963 38737 o
1000 | -134392 | -3%1860 -189341 | -134363 44870 o 50599 37334 7
A
1100 | -126429 | -321449 -182336 | -128461 43214 [ %2227 33904 — é
1200 | -116906 | -291136 -17%0%6 | -122%40 41731 o s3830 34469 .o
1300 | 107238 | -260947 -167849 | -1164616 40181 0 93448 33028 e
1400 -97631 | -230917 -140686 | -110728 38607 [\ 57080 a1ses L
1soo | -sa091 | -201038 -153483 | -104872 azoa? ) 38688 30137 S
1600 | -78s808 | -171287 ~-1463% | -99040 33444 o 60293 28687 "
———
1700 | -69176 | -141657 -139227 | -93222 33837 o 61893 27234 - ‘1
1800 | -39782 | -112124 -132079 | -873% 32267 o 63492 25779
1900 | -%0247 | -82326 -124380 | -81208 30673 -0 6%088 24323 S
2000 | -a0743 | -sa2s10 -116627 | -74994 29078 o 66680 22063 ol
& B
2900 -77683 | -43922 21068 ) 74623 19354 - !
3000 -38448 13023 ) 82997 8217 T
3300 4939 o 90894 8% e
4000 -3119 ) v8404 -6327 e
4300 -11206 o 106468 | -13931 T
%000 -19300 ] 114304 -2133%4 . q
9300 -27399 o] 122%8s | -28791
6000 -39502 o 130693 | -36239 A
- 4
: TABLE I Standard chemical potentials u° (or standard free .
. enthalpies of formation A G;) of the considered substances -
'. I.2 Columns J to Q -J
'; (see page s ) 3y




}

'v
I

t

-

.

 au e anae o . 4
e g
SR

.
AR

—V\‘.'A"'J'—T."'-' i

e Al A T S M ol oAt = b S o S A

RT.284/23
Gaseous substances
R S T U v W X Y
*x | s (S6) (s8) (s20) (sQ) (502 (503 (FE)

o 30636 -13016 1200 | -70381 | -93220 98740
100 26980 -1%610 -786 | -70966 | -92209 93388
200 22923 -18240 -29s3| -71425| -90999 91978
298 19027 12014 11169 | -20669 -3030| -71741| -eBeB9 e8393
300 18939 11942 11094 | -20709 -3069| -71746 | -e8632 @832
400 19131 8275 7348 | -23011 -7109| -71947 | -@6%97 84668
200 11702 3661 4972 | -24899 -g943| -71923 | -84310 81021
600 8479 3%62 3293| -26%89 | -10677| -71790 | -B1919 77396
700 8387 1781 1941 | -28099 | -12321| -71362 | -79441 73804
800 o -6738 -8403| -32089 | -13203| -72374¢ | -78213 70248
900 o 663 2318| -3ossa | -13321| -70822 | -74230 66736

1000 o 8029 13347 | -29022 | -13440| -69071 | =-70260 63279
. 1100 o 15347 24101 | -27497 | -13%1| -e7me | -6s306 39898
1200 o 22623 34787 | .-29970 | -1%679| -e9%@2 | -e2360 %4378
1300 o 29836 43404 | -20443 | -13798| -63840 | -38426 53303
1400 o 37031 93960 | -22926 | -13920| -e2102 | -~34304 30032
1300 o 44213 66463 | -21411 | -16042| -60369 | -30393| ° asea3
1600 0 s1344 76916 | -19892 | -16163| -%8633 | -assmY 43517
1700 -0 %8443 87318| -18378 | -1s288| -56903 | -4279s 40438
1800 o 63518 97679 | -16866 | -16810| -3s178 | -3me11 37293
1900 o 72863 | 107993| -13393 | -16338| -33432| -33034 34341
2000 o 79383 | 118269| -13843 | -16660| -%1731 | -31166 31433
2300 ‘o -6306 | -17308| -43141| -11910 17284
3000 Q 1224 -17990 -34379 7244 3647
3300 o g793 | -18708| -26026 26319 o
4000 [+ 16306 =-194392 -178469 495368 [}
4300 o 23871 | -20226 -8908 64404 0
5000 ° 31447 | -21028 -343 83423 o
9300 (o] 39061 -21842 8a37 102460 [}
6000 Q 446692 ~22676 16623 121498 [+

_ TABLE I Standard Achemical potentials u° ( or standard free enthalpies
of formationlAG;) of the considered substances (calories‘mole-1).
I.3 Columns R to Y
(see page 5 )
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Condensed substances
A T)
Qacs. L) 0 - 100 & - -1844 - 20.580 T
3

B R¢s. L 100 - 200 I-lo 33878 2%.640 T
200 - 2st 3 = -33877 « 29.639 T

C $is. L) 0o - 718 p' - 0
€00 - 1000 $ = -12702 14.380 T
1000 - 1314 - -12919 > 14197 7
1314 - 1300 - 9632 12.000 7
D Soas.L) o - 100 p'o - -T9156 o 30.69 T
100 - 200 $ 2 - <9116 30.690 T
200 - 201 . <7897 o 30.000 T
201 - 298 = 77220 21.29 T
E $03(s.L) o - 100 uéo - -10973% « 61.060 T
100 = 200 3 ® =110390 + 67.410 T
200 - 2% a 110300 * 67.400 T
290 - 298 . =119443 o " 625 T
208 - am . =111637 + 72.497 T

F PRis. L 0 - ave “l.'g - P
G Fegcs.L o - 100 pé g = -24421 o+ .900 T
100 - 200 e o 24386 130 T
200 - 298 s -34331 -t22 T
298 - a1 - -24323 - 1137
411 - 9500 - =23840 > 1. N9 T
200 - 9% s -22MIY - -1.316 7
s98 - 1000 - -20308 o 3147 T
1000 - 1463 . 37111+ 13.749 T
1463 - 2000 - 30912 %127
H Ft 1. 140 o - 100 u- = =28976 * .o80 T
100 - =200 F‘sl 140 - -7 - .sto T
200 - 298 * - 20006 - 1.061 T
298 - 300 - -a8910 - 3T
00 - 998 - -a9326 - 082 T
398 -~ 1000 = =31309 * 3.3% 7
I Fc& o - 1100 ”' - =40121 - 2.730 7
100 -~ 300 1"052 = 40376 + 7.280 T
200 - 2% a -s0883 o 586 T
208 - 900 s 41731 - 11.663 T
300 - 1000 a 4769 o 23.93% 7
J eSOy 0 - 100 ue - 219730 <+  64.190 T
100 = 200 l"eSC)4 - 221317 o 80.060 T
200 - 2% = -Q21894 - 82.949 T
209 - 9300 = =2323%2 - 94.149 7
300 = 1000 . -22994 o e7. %73 1
1000 - 2000 = -23204t1 3. 040 T
K FealS0u)3 2em - 300 ”i‘c (s0.) ~18390  «  260.09¢ T
300 - 1000 2 43 424826 2+  272.9%6 T
1000 = 2000 491110 299.2% T

TABLE II Simplified formulae for the approximaté calculation
of the influence of temperature on the standard
chemical potentials y° of the considered substances

II.1 Columns A to K

R
.
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»
L Feao‘l [ 0 ”é 0 = =2646398 - 68.060 T
100 - 200 e3 4 = =267826 - 82 340 T
200 - 298 = -26802% 83.337 7 o
298 - %00 - -267413 - 81.282 T ha
50 - 900 = -267012 «  90.480 T "q
900 =~ 1000 -« 229931 50.3%0 T N
1000 - 1870 - 260741 71.200 T A
1870 - 2000 - -209396 84.385 T O
2060 - 3000 - 72983 o 70.179 T T
. M Fe203 o - 100 Vre 0 = -195737 +  31.460 T -
100 - 200 273 = -197040 < 4.290 T - 1
200 - @92 . =97371 - 69.949 T
298 - %00 - -196933 « 4.345 T
s00 - 900 = -196681 ©4.000 T
900 - 1000 = -181343 + 47.180 Y ‘
1000 - 2000 = -193732 - 59.369 T -
2000 - 2300 = -199282 62.144 T
Gaseous substances
N o) o - 100 Ty = s@%es + -9 90T
100 - 200 (°1) = 39248 + 12,6007
200 -~ 298 - 99438 * -13.6%3 T
298 - 300 = 59482 2+ -14.406 T
500 = 1000 e 009 e+ -19.2207
1000 - 2000 = 60682 + -15.792 T
2000 = 5000 « 61330 ¢+  -16.126 T
o (02 o - %000 "!(o ) - o
P 03) o ~ 100 u 2= - 34739 . 28.3400 T
b 100 - 200 (03) - 37733 - -1.620 T
o 200 - 298 ) - 260174 +  16.184 T K
N 298 - 300 = 24049 . 16.604 T -
:'i %00 - 1000 = 34103 16.49% T e
b 1000 =~ 2000 - 34318 - 16.001 T ;ll
}. 2000 - 3000 - 34797 - 19 941 7 ] .‘
r la 81} 0 - 100 b » 45463 ¢ 37780 T e
- 100 - 200 (s,) = 46068 + 3179 T S
[ 200 - 298 ! e 46181 + -32.370 7 T
2 298 - 900 « e8m e  =31.406 T )
g 300 - 1000 a 43084 + =25.710 T .
(« 1000 - 2000 e 31803 + -14.469 T
P 2000 - %000 = 32344 e+ ~14.780 7
é (s2) o - 100 Ty - 30636 <+ <=36.%07T
2 100 - 200 (s,) = 31037 <+ -40.370°T
. 200 - 2 - 20874 + -39.733 7
Ka a¢s - %00 = 29833 e+ 38,262 T
"¢ . 500 - 718 « 20046 <+ 342807
. 800 - 3000 - 0
o TABLE II Simplified formulae for the approximate calculation <
o of the influence of temperature on the standard ‘
t" chemical potentials u° of the considered substances
I1.2 Columns L to R Sy
b - (gee page 5 ) e




p———————

YT Ty P el Ak

f

I Bt Rl M Shal Shadh e RO R A N D D R NN

RT.284/27

BYA J"&'J‘/

(S8) ase - 900 u' - 21386 - ~-31.430 7
- 500 - 1000 (36) - 3293 .73 1
1000 = 2000 « -43323 71.954 T
(s8) 298 - 900 uzs ) e 20311 <+ =30.47@ T
200 - 1000 8 - -3403 - 16.730 T
1000 - 2000 .= 91373 <+ 104922 T
1520 o - 100 "y - -130164 ¢+ ~23.940 T
100 = 200 (52°) - =12990 <+ ~26.200 T
200 - 299 - 13291 <+ ~24.743 7
298 - %00 = «f4418 <+ -20.90 T
300 - 1000 = 20776 o -..206 T
1000 - 2000 a 88201 o 19.179 v
2000 - 3000 - <4403 15.097 T
(s0) o - 100 u - 1200 + ~19.840 T
100 - 200 (so0) - 1381 <+ -21.470T
200 - 298 - 1283 2+ -21.194 T
298 - %00 - 72 <+ ~19.371 T
300 - 1000 - -2046 o+ =12.994 T
1000 - 2000 - -14320 -1.220 T
2000 = 3000 - -13749 < -1.433 T
(802) o - 100 ".(so ) e -70381 ~4.290 T
100 - 200 2 . =70507 o -.. 9% T
200 - 298 - -70780 -3.226 T
298 - %00 - =71472 -9%1 T
300 - 1000 - 74773 S.708 T
1000 =~ 2000 a <-86411 o 17.340 T
2000 - 3000 - -g39m8 17.129 T
ts03) o - 100 . = -93220 10.1%0 T
X 100 -~ 200 “(303) -« <9383 - 16.900 T
200 - ave a 94363 19.041 T
2ys - 3500 « <-935149 <+ . 21.678°7
300 = 1000 - - 98360 28.100 T
1000 = 2000 a -10933¢ o 39.0% T
2000 - 3000 - =107338 - 30.1% T
(FE) 0o - 100 ) - 98740 - -31.%20 7
100 - 200 (Fe) - 99198 o+ <=36.100 T
200 - 299 - 99294 o+ =3¢.%82 T
298 - %00 - 99268 +  =26.493 T
00 - 1000 a 98763 o+ 35404 T
1000 = 2000 e 93123 e+  =31.864 T
2000 - 3136 e 89334 ¢ <29.060 T
3500 -~ 3000 - o
TABLE II Simplified formulae for the approximate calculation
of the influence of temperature on the standard
potentials u° of the considered substances
IT.3 Columns 3 to Y
(see page 6
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20 Equilibria Reactions 9%
.
SYSTEM  OXYGEN __
Reaction involving 1 condensed substance :!
Aoy, | 0 = 9 4. .'l‘é‘.
Reactions involving 1 gaseous substance o
A(oz) 0,) =2(0,) _,_
A0, (0,) = (0,) 4
SYSTEM  SULPHUR ;
Reactions involving 1 condensed substance
% s /(s 28 =(s)
s /(s 68 = (s
®s / (sp 8s = (sp
Ds 1 G, B = (S, .00
Reactions involving 1 or 2 gaseous substances
(sz) (SZ) - (Sz)
(s) /7 (5 2(s,) + (s,) =2(s,)
- ]1 1
(s,) 1 (8¢) 3(5,) *+ (5)) =3(s()
(56) / (58) (56) + (Sz) - (Sa)
SYSTEM OXYGEN~ SULPHUR
Reactions involving 2 condensed substances
[Js 7 s, $ +(0,)= so
[2 so, / 8o, 2 g0, + (0,) =2 30,
Reactions involving 2 gaesous substancss
[dsp 7 (so 2(s,) + (0,) =2(s0)
sy 1 (so (s,) + (0,) =2(50)
= (s 1 °
Ay 7 tsop 7(5,) + (0,) = (s0,)
@3 (so) / (50, 2(s0) + (0,) =2(s0,)
fig) (s0,)/ (soy 2(s0,)+ (0,) =2(s0,)
et ] -
. (stoul)'(soz) Beoear)* (©2) = (507
-“': Reactions involving 1 condensed or ! gaseous substance
. . $ / (s0) § + (0)) = (s0,)
b $0, / (s0)) g0, = (s0,)
9 so, , (s0y) so, = (s0,)
o~ {23 (so,)/ 8o, 2(s0,)+ (0,) =2 S0,
h. TABLE III Equilibria , reactions and formulae for the
v II1.1 Reactions relating to systems O, S and 0-S ]
B -:."
2 (see page 6 ) RS
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o
AG’ eq ey s .
(calories per molar group) Equilibrium formuiae
e RT 12 po, = a6 v
2 s.1. ﬂ
2'-‘20) " - 66;09.15121103 P
0 ! " = O + 4.5756 T log po‘
2
u(sz) -2 ug Ac; - = 4.5756 T iog ’sz
"Zs y — 6 ug AG" = = 4.5756 T log pg
+ 6 - gu: ag = - 4.5756 T log p.°
“isp T %Y ‘ 5736 T log g, -y
0 ET ln P * 0 + 4.5756 T log P
. . 2 2
Misy T 2¥is) " - Ac; + 9.1512 T log(pg Ivg )
1/2 “Zsz) -3/2 “Zs') * = 8c +2.288T log(pg /pg )
6 2 . . 6, "2
" - - * & 8G ¢ 4.5756 T log(pg /P )
(sg) (56) (sy) t S S
. - . KT lnp AG® .
, .59, s 0 * L
. - . ” - .
: "sos 2 "soz Ce
2 sto) -2 st ) “ - A c; + 9.1512 T la'o;(p%/»s )
2ulgy - Yish “ = 8g-1.3mM3 T+4.5756T1ogh(for pg,=pg )
. 2 2
Y -1/2 4 " & AG° - 0.6887 T+2.2878TlogP(for p.."p.")
2 ui%0) 2 w52 . 4G o 9.1512 T log(pen /Pey) 3025,
(SOZ) (so s 4 ° 802/ SO )
. - . » - .
2 u(SOJ) 2 u(SOZ) cr « 99,1512 T lﬁ‘(l’so3 Psoz
- “.(502) - u‘s o4 ::;:%. R G; + 6.5;56 T log psoz
. w2 e . - 4.5756 T 1o
= W0 %% ac: o - 4,576 T 1 ;o
Py (soa) $0, o e : . og "so,
. - . L * -
S 2y s°3 2 u(soz) 0, 4 Gr 9.1512 T log psoz
b
.
b‘_ R
& calculation of the equilibrium conditions
¢. (see page 6 )
=" ¥ The equilibrium conditions of the considered reactions correspond “.
- to AG ®zero. For .reactions where gaseous (0,) takes part,i.e.all resctions
},’_ cxccpf nusber (0, the values of AG + RT In Py 8re thus equal to the equili-
- brium vilues of RT 1n Py (cnlorinrpcr mole 2 (0,)) which are shown ae
- ordinate in the 2 equilibrium diagrams o; the type RT In P =£(T).
- For reactions where gaseous (0,) does not take part , cthe equilib="2
3 rium conditions (vepor pressure) dissociation constant, etc.) are given by
P! equaling to gero these values of 4G ¢ 8T 1n p.
-
M.
Lo
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Equilibria Reactions
SYSTEM  OXYGEN- IRON
Reactions involving 2 condensed substances
W Fa / ¥e 2{1-x)Fe +0,) =2 Fe,_,0
7 re [/ Fe0, g/z Te + (o) -1{2,‘ Fe,0,
v Fe,_ 0/ Fe,0, =570 + 0)) =T53x Fey0,
Fe O / Fu 0 —_—
W 374 Iy 4
. 23~y
V Fes 0 / ?Qz 3 -__3)_!" 3-,06 . (02) T -3y 50203
Y Fey0, / Fa0 4 Fey0, + () =6  Fey0,
SYSTEM sux.pqun-mou
Reactions involvingﬁ 2 condensed substances
47 Fe 7 Tes 7 Te +(s,) =2  FeS
LT Fe / ey, 140 1.754 Pe +(s,) = 1.756 FeS, .o
37 Fes 140 14.286 FeS + (sz) =14.286 FeS, .o
L7 Fesl_m/ Fes, 2.326 Fes, .o+ (S,) = 2.326 Fes,
2 .2
L/ tes,, 11, TS, 6D T RS
Reaction involving 1 condensed substance and t gaseous substances
(8] (re)s Fes 2 (re) +(s) =2 Fes
Reaction involving 1 coadensed substance and 2 gasecus substances
A7 ®e)i(s) pe | ' (Fe) ¢ (s) - Fe + (5)
SYSTEM  OXYGEN-SULPHUR-IRON
Reactions involving 2 condensed substances and 1 gaesous subscance
(D Fep05,(50,) / Fe,(s0,), Te,(50,) 4 Fe,0, +3  (s0,)
1 -
(@D re,0,.(50,) [ Fe,(30,), 0.667 Fe,0,+2(50,)+ (0,) =0.667Fe,(S0,)y
@ e, ,.(so ) mo 2 Fe0,+4(S0)+ (0,) =4  FesO,
@ Fe;0,.(s0) / r.so Fe,0,+3(50,)+ (0,) =3  Feso,
©) sesoé.csoz) / Fe (scv‘,)s 2 Feso,r (SO0,)+ (0)) =  Fa,(50,),
()) Fes, 1 Fesv,,(s0,) 0.333 Fes, + (0,) =0.333FeSQ, +0.333(s0,)
(D res, 7 Fe0,.(50,) 0.365 Fes, + (0,) =0.183Fe,0, +0.730(s0,)
(E) Fes, '/ Fe0,,(50,) 0.375 Fes, + (0,) =0.125Fej0, +0.750(s0,)
©) FeS, / Fey(s0,),,(sy) 0.333 Fes, + (0,) =0.167Fe,(50,) 4+0.02(S)
ns2 ! FaSO,,(s) 0.500 Fes, + (0,) =0.500FeS0, +0.063(sy)
Q)  FeS, 4o/ Fey0 4.(=o ) 0.554 FeS, 4  * (0,) =0.185Fe,0, +0.631(s0,)
@ Fes / Fa40,,(s0,) 0.600 Fe$ + (0,) =0.200Fe,0, +0.600(s0,)
3%% 2 3% 2
TABLE III Equilibria , reactions and formulae for the
III.2 Reactions relating to systems O-Fe ,

(see page 6 )
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RT.284/31
¢
AG. > 2 2 i Al
(calories per molar group) Equilibrium formulae o
<
{
12wl RTlap, =4G: n
‘ Fe,0, 9, r '
a5 (X Fe 0, 3 Fe,_ 0 )
=3y (O e, T2 ”."3-,"4) " "6
6 u'py - 4y ” =46’
F0203 Fc30‘ <
- - . - - RTIII P - ! -
2 ”l.-'es "SS ) 2 g, S, Acr
1.756 UreS, " 4o (5" 1,754 ne » =46,
1;.286 “res"mo“(sz)""'z“ Hres " = 4G,
2326 po 2 TSN 2,326 uo " = AG’
"_resz (s,) FeS, 1.0 r
2 upes M(s )" 2 Wige) v =8G -~ 9.1512 T logp,, ~
|
Uge ~ "(p.) . =d Gt + 4.5756 T log (pszlp'.)
. . . . At - - .
re,0, 2 % (s0,) UFe, (50,), R'rgﬁp 13.7268 T log Pso,
.66 . - . - . . -l G. - .
0 6°7"I:'02(SO‘)32 (so,) 0.667 “re 0, 0, ” 9.1512 T log Pso,
4 MEesd =4 Mtso.) 2 bre. 0 " -AGr -18.3024 T log Pso -
3 tpeso, "isozf Ve " ~8G, -13.7268 T log p n
L. 4 - SN2 . 3 4 . - . o - 2
“Fe, (50,07 “(s0,5 2 “reso, ' 8Cp = 4-3736 T log pgy.
0.333u] ,39#0+ 333 uigol5 0.333 ug g » =8G] + 1.5237 T log p,,
0.183; o%0.730 uico?y 0.365 up g " =4G] + 3.3402 T log p_ °
o 6. 12505, 2g30.750 ue %5 0.375 Mpas ” =4 Gl + 3.4317 T log p >
. 0.16715,> (32070204 (g 7y 0.333 bogs " =4G + 0.0916 T log p, *
o 0.500:; o5, B.863u 7 3 - 0.500 up g2 " =3G] + 0.2003 T log p°
R 0.185u5, o +0-631ui 3 0.554 bres . =4G, + 2.8872 T log p g
13 202 <1140 : 2
;,a . 0.2C0u +0.600u v 0.600 u " =«8G’ + 2,7454 T log p
° Fesoa (Soz) fes T $0, )
h. "
Ve calculation of the equilibrium conditions
. S-Fe and 0-S-Fe »
P (see page 6 )
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o Temperature
N Equilibria RT 1ln ca i
q range (°K) poz( lories)
!@ Fe2(S04)3 /Fe203,(s03) 298 - 300
: 00 - 900
i 900 - 1000
i 1000 - 2000
(@ |Fe203, (s02) /FR2(S04)3 298 - 500 | -138132 + 132.233 T -  9.13%1 T LOG P(S02)
' %00 - 900 | -137273 + 130.473 T -  9.131 T LOG P(SO2)
900 - 31000 | -136108 + 129.180 T -  9.131 T LOG P(SO2)
1000 - 2000 | -132248 + 129.320 T -  9.131 T LOG P(SO) o
@ | Fe203,(s02)/Fesos 0 - 100 | -2064042 + 170.840 T - 10.302 T LOG P(SO2) -
100 - 200 | -209140 + 210.020 T - 18.302 T LOG P(SOR) o
200 - 298 | -209715 + 212.796 T - 18.302 T LOG P(SO2) - i#
298 - 300 | -209212 + 211.109 T - 18.302 T LUG P(SOR) =
300 - 900 | -207033 + 206.793 T - 18.302 T LOG P(S02) o
900 - 1000 | -204538 + 203.980 T - 18.202 T LOG P(SOR) B
1000 - 2000 | ~-1930%96 + 194.498 T - 16.302 T LOG 7:502) -
@ | Fe304 ,¢s02) /FESOs O - 100 | ~181769 + 143.260 T -~ 13.727 T LOG P(SOR) |
-
100 - 200 | -184604 + 171.610 T - 13.727 T LOG P(S02) o
200 - 298 | -189318 + 173.184 T - 132.737 T LOO P(SO2) L
298 - SCO0 | -184926 + 173.866 T - 13.727 T LOG P(S02) <
S00 - 900 | ~-183699 ¢+ 171.413 T - 13.727 T L0OG P(SO2) B
900 - 1000 ~182482 + 170.060 T - 13.727 T LOG P(SQ2) 4
1000 ~ 2000 | =-174433 + 162.013 T = 132.727 T LOG P(S02)
o ® | Fesos ,cs02) /Feacsosra 298 - 8500 | -102413 + 92.698 T -  4.576 T LOG P(802)
: 300 - 1000 | -102123 + 92,118 T -  4.376 T L0O P(S0R)
- 1000 - 2000 | -100617 + 90.412 T -  4.376 T LOG P(SOR)
-
.8
© |Fesa2 /rFesos (so2) 0 - 100 -83233 + 18.390 T + . 924 T LOG P:S02)
100 - 200 -83664 ¢+ 22.700 T + . 524 T LO@ P(S02)
. 200 - 298 -83846 + 23.612 T +  1.324 T LOO P(S02)
% 298 - 300 -83914 + 23.842 T +  1.324 T LOG P(SO2)
.- 300 - 1000 83393 + 23.202 T +  1.924 T LOOG P(SOR)
;! 1000 - 1400 -82813 + 22.420 T +  1.324 T LOG P(SO2)
&
} C) Fes2 /Fe203,(s02) 0 - 100 -72%28 + 2.860 T » 3.340 T LOG P(SOD)
s 100 - 200 72718+ 9.760 T +  3.340 T LOG P(SOR)
{ 200 - 299 -72863 + 6.490 T +  3.340 T L0G P(S02)
P 298 - 300 -72986 + 6.901 T + 3 .340 T LOG P¢S0R)
b 200 - 900 72881 + 6,690 T +  3.340 T LOG P(S02)
! 900 - 1000 -72683 + 6.470 T+  3.340 T LOG P(SOR)
{ 1000 - 1400 72390 + 6.378 T +  3.340 T LOG P(S0R)
!
'. TABLE V  Influence of temperature on the equilibrium
V.1 Reactions to 7

(see

page 9




T T T =
e
: R RT 1n p
E  (av) (= i.llf.?.z ) log po(atm) (= —-———'9'2 ) (or logp/
t soe 92.242 2 4.5756 T
LOG P(S03) = -9906.68/T + 9. 308
LOG P(SO3) = -9829. 1/T + 9. 344
LOG P(S03) = -9746. 4/T + 9.2%7
LOG P(SO3) = =9420.7/T ¢ 8. 931
~1497.7 + 1.434 T - .099 T LOG P(SOQ) -30193.2/T + 28.900 = 2.000 LOG P(502)
-1488.2 ¢+ 1.414 T - .099 T LOG P(S02) =30001. 1/T + 28. 913 -~ 2 000 LOG P(S02)
‘ -1475.6 + 1.400 T - .099 T LOG P(S02) ~29746.3%/T + 20.232 -~ 2.000 LOG P(S02)
-1433.7 ¢+ 1.339 T - .099 T LOGC P(S02) -20902.9/T + 27.389 -~ 2. 000 LOG P(S02)
~2233.7 + 1.939 T - .198 T LDG P(S02) -43030. 6/T + 39.086 -~ 4.000 LOG P(S02)
-2267.3 + 2.277 T - .198 T LOG P(SO2) ~43712.0/T + 45.900 =~ 4. 000 LOG P(S02)
-2273.9 + 2.307 T - .198 T LDG P(S02) -436833.3/T + 45.%07 - 4.000 LOG P(S02)
-2268.1 + 2.209 T~ .198 T LDG P(S02) -43723. 4/T + 44.138 -~ 4,000 LOG P(S02)
-2244.5 + 2.281 T - .198 T LOG P(S02) ~43247.6/T + 43.186 =~ 4 000 LOG P(502)
~2217.4 + 2.211 T - .198 T LOG P(SO2) ~44701.9/T + 44.%80 - 4,000 LOG P(S02)
-2114.6 + 2.109 T - .198 T LOG P(SO2) ~42629.6/T + 42.308 -~ 4.000 LOG P(S02)
-1970.6 + 1.953 T - .149 T LOG P(SQ2) «39725.7/T ¢+ 31.310 - 3.000 LOG P(S02)
-2001.3 + 1.860 T - .149 T LOG P(S02) -40243.3/T + 37.305 - 2.000 LOG P(SQR)
-2009.0 + 1.899 T - .149 T LOG P(8Q2) -40901.4/T + 38.286 - 3.000 LOG P(S02)
-2004.8 + 1. 8685 T -~ . 149 T LOG P(S0Q2) -~40419.7/T + 37.999 -~ 23.000 LOG P(S02)
-1991.3 + 1.89%8 T ~ . 149 T LD P(SOQ) =-40347. 3/T + 37.462 - 3.000 LOG P(SO2)
-1978.3 + 1.844 T =~ . 149 T LOC P(80O2) -39881. 3/T ¢ 37. 167 - 3.000 LOG P(S0O2)
-1892.1 ¢+ 1. 796 T -~ . 149 T LOG P(S02) -38132. ¥/T + 3%5.408 - 3. 000 LOG P(SO2)
-1110.3 ¢+ 1.003 7 - .030 T LOG P(BOQ) =-223683. 4/T + 20.299 - 1.000 LOO P(802)
-1107.1 + .999 T - .0% T LOOC P(S02) -22319.0/T + 20.132 - 1.000 LOG P(SORQ)
-1090.8 + .982 T - .03% T LOG (802 ~321989.9/T + 19.803 - 1.000 LDG P(802)
~502.3 ¢+ .199 T+ .017 T LDG P(S0D) ~i8190. /T + 4.019 + 333 L0 P(SOR)
) ~907.0 + .246 T + .0O17 T LOG P(S0Q) -18284. 8/T + 4.961 <+ 333 LOG P(SO)
E ~909.0 + .2% T+ .017 T LOG P(S02) -18324. 6/T + 3.160 + .333 L0 P(SO2)
o ~909.7 + .2958 T + .017 T LOG P(S02) ~18339. 3/7 + S.211 <+ .333 LOG P(S02)
- ~906.3 + .22 T + .017 T LDG P(302) ~18269. 7/T + 3.071 <+ .333 LOG P(S02)
.,‘ ~897.8 + .243 T+ .017 T LOG P(8O2) ~18098. 8/T + 4.900 + . 333 LOG P(S0R)
[ | .
; -786.3 +  .0A2 T + .036 T LOO P(SO2) ~15851. O/T + .844 <+ 730 LOG P(802)
o ~788.3 + .062 T+ .036 T LOG P(SO2) -19892.6/T +  1.2%9 + .730 LOG P(SOR)
tj".-' -789.9 ¢+ .070 T + .036 T LOG P(SO2) «15924. /T + 1.418 + . 730 LOG P(SO2)
"' -791.2 ¢ .079 T + .036 T LOG P(SO2) ~19951. 1/7 + 1.%08 730 LOG P(S02)
i -790.1 + .073 T + .03 T LOG P(SO) -19928. 2/T + 1.462 <+ . 730 LOG P(SD2)
-788.0 + .070 T+ .03&6 T LOG P(SO2) -15884. /T + 1.414 + 730 LOG P(SO2)
% -787.0 ¢ .049 T + .036 T LOG P(S0O2) -13864. 6/T + 1.394 + 730 LOG P(S02)
. conditions of the considered reactions
& (see page 9 )
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° ) Temperature
N Equilibria range (°K) RT 1n p, (calories)
2
@ |Fes2 /Fe304 ,(sO02) o - 100 -71010 + 2.800 T +  3.432 T LOG P(SO2:
100 - 200 71142 + 4120 T +  3.432 T LOG P(S02)
200 - 298 -712%6 + 4.694 T +  3.432 T LOG P(S02)
298 - 500 -71380 + 5.109 T +  3.432 T LOG P(SQ2)
300 - 900 -71227 + 4.803 T +  3.432 T LOG P(SO2)
900 - 1000 -70920 ¢+ 4.470 T +  3.432 T LOG P(SOR)
1C00 ~ 1400 70930 + 4. 473 T +  3.432 T LOG P(SO2)
@ | Fesa /re2(s04)3 (se) 298 - 300 -88946 + 38.906 T + .09 T LOG P(SE)
1 500 - 1000 -883534 + 38.080 T + .096 T LOG P(S®)
1000 - 1400 ~87%34 + 37.080 T + .09 T LOG P(S8)
§9 | Fes2 /¥es04 ,(s8) 298 - 300 -88980 + 04.312 T + .288 T LOG P(SB)
500 - 1000 -88346 + 33.042 T + .288 T LOG P(SB)
= 1000 - 1400 -86966 + 31.663 T + .288 T LOG P(SEB)
f-:f © [res1. 140 /FE304 (s02) 0 - 100 ~77630 + 8.600 T+  2.887 T LOG P(SOR) o
L 100 - 200 -78032 + 12.620 T+ 2 887 T LOG P(SD2) )
~ 200 - 2va -78301 + 13.969 T +  2.887 T LOG P(SOR) B
F 298 - 300 -78%9 + 14.866 T+ 2 887 T LOG P(S02) 4
o 300 - 1000 ~79072 + 19.872 T+  2.887 T LOG P(SQ2) 5%
:2; 1000 ~ 1800 77437 +  14.298 T + 2.887 T LOG P(SCR) .
o @ |Fes /Fe30s s02) 0- 100 -80831 + 9.360 T +  2.743 T LOG P(S02)
@ 100 - 200 ~81238 + 13.630 T + 2 743 T LOG P(S02)
N 200 - 298 81473 ¢+ 14.806 T + 2. 743 T LOG P(S02) oo
;ll 298 - 411 ~81644 + 15,382 T+  2.743 T LOG P(8O0R) | o
b 411 - %00 -82313 ¢+ 17.009 T +  2.745 T LO% P(SOR) r
- 300 - 1000 -0228% + 169352 T + 2.745 T LOG P(SQQ) ;
. 1000 - 1463 ~@1730 +  16.398 T + 2 745 T LOG P(SOR)
L9 1463 - 2000 85374 + 19.372 T + 2. 743 T LOG P(SO2)
2000 -~ 3000 36301 + 19.533 T + 2 743 T LOG P(S02)

oy
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TABLE V Influence of temperature on the
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(see page 9 )
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RT 1n p, RT ln p B

Esoe @) (= 2) log p, (atm) (= 9, ) -

92.242 2 4.5756 T T

-769.8 + .030 T+ .037 T LDG P(SO2) ~195919.3/T « .612 + .730 LOG P(SO2)

«773.3 + .043 T + .037 T LOG P(SO2) -19548. 1/T + .900 ¢ .730 LDG P(SO2) =

-772.% + .03t T + .037 T LOG P(SO2) -19973.0/T + 1.026 + .730 LOG P(S02) T

-773.8 + .033 T + .037 T LOG P(502) -13600. 1/T + 1.117 <+ _7%0 LOG P(SO2) )

-772.2 + .032 T + .037 T LOG P(S02) -19966. 7/T + 1.030 + 730 LOG P(S02) e

-768.9 + .048 T + .037 T LOG P(SO2) -13501. 4/T + .977 + 730 LOG P(SO2) e

~769.0 + .048 T + .037 T LOG P(SO2) -15%01.a/T + .977 + .730 LOG P(S02) e

-964.3 + 422 T + .001 T LDOC P(S8) -19439. 2/T + 8.903 + . 021 LOG P(S8) 1

~9%9.8 + 413 T .001 T LOG P(SB) -19349. /T » 8.322 + .021 LOG P(S8) '

-949.0 + 402 T + .001 T LOGC P(8S8) =19130. /T « 8.104 + .021 LOe P(S8) g

-964.6 + 372 T + 003 T LOSG P(SE) -19446. 6/T + 7.499 + 063 LOG P(SB) -

-937.8 + .38 T + .003 T LDOG P(SB) =19308. 1/T « 7.221 + . 063 LOC P(88) -’”.‘T‘.'ﬂ

-942.8+ .343 T+ .003 T LOG P(S8) ~19006. 3/T + 6.920 + 063 LOG P(S8) Ty

~841.6+ .093 T+ .031 T LOG P(SOR) -16966.1/T + 1.880 + .631 LOG P(SOR) T

-845.9 + 137 T » 031 T LOC P(S02) -17093. /T « 2.7%38 + .631 LOO P(SO2) o

-848.9 + .131 T + 031 T LOG P(SO2) -17112. 7/T « 3.093 + .&31 LOG P(SO2) -

-8%1.8 + .161 T + 031 T LOG P(SO2) -17171. /T « 3.249 + 631 LD P(SOR)

-857.2 + .172 T + 031 T LOG P(SO2) -17281. 2/T + 3.469 + 631 LOG P(SOR)

o -839.7 + .135 T+ .031 T LOG P(SO2) -16928. A/T « 32.116 + .631 LOG P(SO2) .
b . ..
h’.'_ A
- -B76.3 + .104 T + . .030 T LOG P(8O2) ~17643. 7/T + 2.08% + 600 LOG P(502) 1
-880.7 + .148 T + .030 T LOG P(SQ2) -17794.6/T + 2,979 + .600 LOG P(SQ2) ...

.. -883.3+ .161 T+ .030 T LOG P(SD2) ~17806. O/T + 3.23 + .&00 LOG P(SO2) A
[~ -e85.1 + .167 T + .030 T LOG P(STR) _ ~17843.3/T ¢+ 3.362 + 600 LOG P(SQ2)
- -892.4 + .184 T+ .030 T LOG P(8SG2) -17989.6/T +  3.717 + .&00 LOG P(S02) .
S —892.1 + .184 T + .030 T LOC P(S02) -17963. 4/T « 3.705 ¢ . 4600 LOO P(SO02) o
} -886.0 + .178 T + .030 T LOG P(SO2) -17862. 1/T + 3.984 + 600 LOG P(SO2) = q
r! -936.4 + 212 T + .030 T LDG P(S02) -18877 /T + 4.277 + 600 LDG P(ST2) 7“_@]
L -935.6 + .212 T + .030 T LOC P(SC2) -18861. 1/T +. 4.269 + 400 LOG P(SO2) P!
) e
N .
[_. equilibrium conditions of the considered reactions e
. A
L (see page 9 ) S
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FIGURE

1

Equilibrium diagram E = f(T) for the system

(n® 2784) 0-Fe (temperature from zero to 1800°K ,
E from -1070 tO +0.20 VOlt )-o.o.o---oooo...oo 43
soe -
FIGURE 2 Equilibirum diagram E = £f(T) for the system ot
(n® 2785) 0~S (temperature from zero to 1800°K , jij
E from -1070 to +0.20 volt )...'..'........... 44 - J
soe o=
FIGURE 3 Equilibrium diagram E = f(T) for the system e
(n°® 2786) S-Fe (temperature from zerc to 1800°K , . s
E from -1'70 to +0a20 Volt )oo.-..o-ooo‘on-ocoo 45
sse
FIGURE 4 Equilibrium diagram E = f£(T) for the system
(n® 2756) 0-S-Fe (temperature from zerc to 1500°K ,
E from -1070 to +0020 VOlt )o-oocoo--ono‘o.tco 46
soe
FIGURE 5 Condition of catalytic activity of Fe203
for the oxidation of (SOQ) to (SO3)
5 a temperature from zero to 1500°K,
(n® 2787)
E from -l.7o to +0.20 volt L3 AR BN BN B BN BN ] 47
-soe
5b temperature from 890°K to 1070°K,
(n°® 2788) E from =-0.10 to +0.02 voltsoe....... 48
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